


Zone Refining apparatus, showing tube and induction-heating coils. 
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For transistors—tiny electronic 


amplifiers—germanium is made extremely pure. Then special impurities are added in controlled an 


for best transistor performance. 


their revohi- 
Bell 


ultra- 


To make the most of 


tionary invention, the transistor, 


Laboratories scientists needed 


pure germanium. 


The scientists solved their problem by 
devising a radically new refining process. 
The germanium it vields may well be 
the purest commercially produced mate 
rial on earth. It has only one part in ten 
billion of impurities harmful to transistor 
the same as a 


performance .. . about 


pinch of salt in 35 freight cars of sugar. 
Yet the new process, Zone Refining, is 


simple in principle. An ingot of germa- 


part in 10,000,000,000 


nium is drawn through a series of 11 


tion-heating coils which melt na 
zones of the substance. Since impu 
are more soluble in the liquid than i 
solid form of a metal, the molten 
collect impurities. They are swept 
by the successive melts to the end 


ingot, which is finally cut off. 


Zone Refining is also being appli 


j 


the ultra-purification of other mat 


useful to telephony. This single ac! 


ment at 


Bell Telephone Labora 


clears the way for many advan 


America’s telephone system. 
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From the month’s news releases; publication here does not constitute endorsement. 


Lint-Free Absorbent Cloth 


\lthough made especially for home 


this towel has a wide industrial 
instruments in laboratories and in the manufacture of 
appliances and plastics that require lint-free, absorbent 


cloth. It 


and 


suited for wiping glassware, 


and for 


iS espec ially 
cleaning. In- 


The Lesh- 


dishes, windows general 


creased washing makes it more absorbent. 


ner Corp., Dept. SM, Hamilton, Ohio 


Fishing Kit 


Included in the portable, heavy steel kit are a car- 


borundum stone for sharpening hooks, knives, and so 


forth, a small rise for tying flies, « felt buffing wheel 


for polishing tackle, a small fiber brush for cleaning 
reels, and a new scaler that enables fishermen to scale 


fish faster than old methods. (American Homecraft 


Co., Dept. SM. 3714 Milwaukee Ave., Chicago 41, Il. 


Venetian Blind Cleaner 


\ new vacuum cleaner attachment cleans venetian 


blinds where they hang, quickly and easily. Power- 
driven twin brushes are curved to fit the contour of the 
slats and clean top and bottom of slat simultaneously. 
Suction deposits the dust in the vacuum cleaner, ( Pion- 
air Products, Inc., Dept. SM, 603° W. Washineton 


Blvd., Chicago 6, Il. 


Unique Flashlight 
flashlight 


type batteries, slips onto the forehead like a pair of 
glasses and throws a beam of light directly on the point 


\ new powered by two standard pencil- 


of interest. Because it leaves both hands free, it is espe- 
cially handy around the car and on fishing and camp- 
ing trips. With its compact spectacle-type frame, the 
plastic flashlight slips easily into pocket, purse, or glove 
compartment. (The Ozilam Co., 1513 Arapahoe St., 


Dept. SM, Room 426, Denver 2, Colo. 


Lawn Edger 

This tool trims along sidewalks and curbs with a 
steel blade that sharpens itself as it rubs against con- 
A 50-in. handle lets the user stand while 
edging his lawn. (C. A. Regele, 408 N. Market St., 
Dept. SM, Lancaster, Pa. 


crete curbs. 


Sponge Dishwasher 


Pour a little liquid soap or detergent into the hollow 
plastic handle and the sturdy sponge makes suds as it 
washes. It is especially suitable for washing glassware 
and for getting into hard-to-reach places. (Cossman 


Co.., Dept. SM, 6612 Blvd., Hollywood 28, 
Cait. 


Sunset 


( onsumption, 


use around delicate 


any possibility of kickback. 


Spray Gun 


\ttached to a garden hose, the 


soap oO! detergent with water to supply a 


Spray 


suds for washing cars, window 
The 
and can be used to apply soluble fertilizers 
tioners, weed killers, and insecticides to law 
Nutritional Concentrates, Inc., Dept. SM 


Lexington, Ohio 


screens 


sashes, unit has a three-speed mixt 


den. 


Traveler Tool Kit 
Slightly 
tool kit 


punch, and screwdriver that snap on a special } 


larger than a cigarette pack, the 


contains a hammer, chisel, saw, file. 
Che tools and small jack knife are sheathed in 
pered cowhide case and are manufactured in Ger 
Abbeon Supply Co., Dept. SM, 179-27 Jan 


Jamaica 32, N.Y. 


Heat-Repellent Paint 

The heat-repellent paint, applied to a 
roof, reportedly may lower interior temper 
“air-conditioning 
frared 


paint reflects heat. light 


waves from its white surface, It has 
plied successfully to steel, wood, aluminum, 
phalt shingle, and masonry. 


Ine., Dept. SM, Tulsa, Okla. 


Coating Lal 


Homemaster Six-Inch Saw 


This handy tool (Fig. 1) will cut 2-in. dress 
at 90 degrees and is equipped with both bev 
depth adjustments. In addition, it handles th: 
tvpe of work as a heavy-duty saw and _ has 
necessary safety features to protect the opera 
his work, including an exclusive clutch that eli: 
Porter-Cable Mach 
Dept. SM, Syracuse 8, N.Y. 
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Dr. 
9 


for 2 years that he 


studies of modern organi 


ECENT announcement of a deep volcanic 
beneath shallow-water Ter- 

lary sediments at Eniwetok Atoll (7, 2) 
ims the central assumption of the Darwinian 


t reet 


foundation 


evolution—great subsidence of atoll 
3-7, 40.) In the presently developing 
othesis of complex origin of reef types (for ex- 
p. 153: 9 


liypotheses may now be considered in their 


dations 


H) therefore, previous altern- 

er perspective as elaborations of the originally 

unplified subsidence theory (10, pp. 501-518; 

But reefs have surfaces as well as foundations, 

complete hypothesis of reef evolution should 

le an explanation for their surficial features 
ll as tor their broad structural variety. 

' example, some contemporary reef flats are 

of flourishing organic growth, while others 

lauvely barren of conventional reef-building 

usms. Although the surf-facing fronts of many 

a radial comb-tooth pattern of alter- 

‘ or buttresses and intervening narrow 

er reef fronts lack such a toothed edge 

vy an irregularly lobate or papillate 


17 


Cloud has bee numa 
Spent on 
interest in paleontolog} 


PRESTON E. CLOUD, JR. 


1941, 
Hi 


since 


Geological Survey since 
of Har 
has 
fs and lagoonal 


the Or 


rrleé mber of tne I A, except 
Universit) 
uhbhlemented 
up ple ented 


the faculty ard primar) 


1948 by 
/ / 


in severa parts oT 


and Stratigraph) been 


fe 


menta on 


1€¢ fédl 


Pacthi ean, 


front. The outer edges of some existing reefs are 


defined by a low algal ridge, which is missing on 
others. Some barrier reefs and atolls support. is- 
lands of calcium carbonate sand and gravel of 
organic origin, but other reef surfaces lack islands. 

It is the thesis of this paper that these super- 
ficial similarities and differences between modern 
organic reefs may be susceptible to a general ex- 
planation, from which various elaborations are 
possible. ‘The proposed explanation calls upon the 
effects of a world-wide 5- to 6-ft fall of sea level 
that began about 3000 1500) years ago. coupled 
with slight recovery from the lowest point of fall, 


beginning a century or so ago. 


Recent Eustatic Variations of Sea Level 
D. 12 
have periodically noted evidences for recent slight 
changes of ocean level, and there are now many 


From the time of J. Dana geologists 


references to this subject. During the 1920’s Daly 
13; 14, pp. 174-179 


6-m fall and suggested that it might correlate witha 


emphasized a world-wide 
withdrawal of oceanic water during late growth of 
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the Antarctic ice cap “about 00 vears ago” (14, sea: (in) elevated beach rock (Figs. 1A. 
p. 179). Later Kuenen (8, pp. 66-70) concluded — surfaces (Figs. 1D, 1/) and reef-flat ru 
that the Indonesian region provided evidence of 26, p. 59): and (iv) low-level marine { 
three recent drops in sea level, one from + to 5 m__ posits and strand lines (27, p. 104). 
above present sea level, a second from 1.5 to 2 m, A temporary halt or slowdown in t} 
and a third from 0.5 to 1 m. Sewell (75, pp. +64 withdrawal of water at roughly 2 ft above presey 
178) and Gardiner (16, pp. 34-39) noted a 5- to — sea level is also widely evident, but this is regarg, 
10-ft fall of sea level in the Indian Ocean. From as an incident in the 6-ft fall. The effects of Pj, 
wide experience in the Pacific, Stearns (/7, p. 780 tocene sea-level changes (24, 28) are mainly yy 
expressed the view that a “5-foot recession . . . liminary to those of the more recent 6-ft fall ing 
may have occurred only about 5000 years ago.” far as the superficial aspects of reefs are 
He has also summarized data related to this and cerned. These effects prepared the reefs of ear) 
other possible late Quaternary eustatic shorelines Recent time to be affected by the later 6-{t eustar 
18). Recently emerged strand lines are also re- fall. 
corded in Australia from 2, 5 to 6, and 10 to 11 Although the beginning of the 6-ft fall of 
ft (19-21; 22, Fig. 38; 23, pp. 75-77). level cannot vet be conclusively dated, the ten 
Observations by the authors named and others tive consensus of qualified radiocarbon analyw 
from many parts of the world indicate various anthropological and_ historical conclusions, 
recent relative changes of sea level, both positive geologic inference suggests a date of about 3(ij 
and negative. The problem is to establish whether 1500) years ago (19, 29-33). The probab 
these changes are due to local causes or denote cause of sea-level recession involves withdrawal o 
events of world-wide significance, such as changes water from the oceans to form additions to th 
in the total volume of ocean waters or the basins — present ice caps. Extension of this hypothesis 1 
that contain them. In extratropical latitudes, the lates the beginning of the 6-ft fall to the most ré 
situation is complicated by postglacial isostatic re- cent subpeak of warmth in the postglacial intervd 
bound, resulting from unloading of continental gla- © of maximum warmth and dryness called the pov. 
ciers, as well as by the gravitative attraction of sea glacial thermal maximum, or the altitherma 


water toward the heaped-up ice during glaciation General increase in world temperatures, } 


24, pp. 299-300). Purely local relative changes ning a century or so ago and accelerated 


of sea level at many localities are attributable to tec- cent years, appears to have at least tempor 
tonic causes—to local movements of the land itself, reversed the process and initiated some variat 
such as the upward movement of parts of the Sagami _ in the effects of the original sea-level fall (/9 
Sea coast of Honshu as a result of the 1923 earth- 22, p. 111; 31, pp. 17-18; 34). The pres 
quake. Evidence for the most recent significant fall of rise in sea level is variously calculated at 


of sea level, however, is now known to be so wide- 2.5 to 8 in. (35, pp. 721, 730; 56-37; 38, p 


spread and of so nearly uniform degree that no even as much as 2 ft (39, p. 275) per cen 
reasonable doubt remains that a change in the level this continues, the sea will be back to it 
of the sea itself is involved and not merely a co- level in another 900 to 3000 years, or possi! 
incidence of relative changes—-a true eustatic fall as little as 500 vears. 
of sea level. Since local evidence indicates this to 
be of the order of 5 to & ft. and most generally General Features of the Upper Reef Suriac 
) to 6 ft, it will here be called the 6-ft or 2-m fall It is safe to assume that when the 6-ft fall ! 
It might as well be called the 5-ft fall, and will the upper surfaces of some existing 1 
occasionally be referred to as the 5- to 6-ft fall to within 6 ft of sea level, others were n 
keep this in mind. As long as this is understood, below sea level, and still others were at devtiis * 
though, no harm will come trom the general use — nificantly more than 6 ft below sea leve! 
of a shorthand approximation that converts easily ercised an important effect on the super! 
to a whole figure in meters. acteristics of present reef surfaces. 

Evidence for this particular fall of sea level In tectonically quiescent areas onl; 
consists of (i) solution notches in limestone cliffs sites that lay significantly below the 1-fat! 
and “mushroom rocks” about 5 to 6 ft above a at the time of initiation of the 6-ft fall 
notch that apexes near present high-tide level maintain upper surfaces of flourishing co! 

Figs. 14, 1B); (ii) wave-eroded benches (Fig. except at beveled and now recover! 
1C) and solution benches (25) between 5 and 8 Figs. 2A, 2B). Most reefs or parts of 
ft above the level of similar benches of the present extended to within 6 ft of sea level wh 
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Evidences of 5- to 6-ft fall of sea level. (4) Notches of present and 5- to 6-ft sea surrounding mushroom 
e€mpora sin northwest Guam. Mariana Is. Tide is high. (B) Notches of present and 5- to 6-ft sea, southeast Saipan, Mari- 
Variat Is. Tide is high. (C) Wave-eroded bench (arrows) of 5- to 6-ft sea east from Hanauma Bay, southeast Oahu 
Wy Laws Is. (D). Elevated beach rock in contact with truncated old reef surface (arrow), Kwadak Islet, east mar- 
hha Kwajalein Atoll. Marshall Is. Camera case is 8 in. high. (E) Elevated fringing reef veneering old basaltic rocks 
resent r ntact) southwest Guam, Mariana Is. Tide is intermediate 
d at al 
» Pp. o been truncated and smoothed to es-  6-ft fall. Likewise, what depth would be signifi- 
— surfaces (Figs. 2C, 2D) by solution. cantly below the original 6-ft level depends on the 
Its mt hemical and abrasive activities of organ- erowth habits and growth rates of the reef organ- 
possi by the abrasive and -other hydraulic ef- isms involved in building the particular reet (40, 
ve erosion. They are areas poor for pp. 420-421; 4/7, p. 2130). Local subsidence may 
—s of corals and crustose coralline algae, but have caused some recently emerged surfaces to be 
‘ act . - . ° ° P ’ 
of we inhabited by boring and crevice-dwelling again flooded by the sea and to support renewed 
sca nd are commonly veneered with drift- coral growth. Still other reefs that were formerly 
ae is debris and soft algae or articulate flourishing will have grown into the zone of trun- 
’ ly ¢ . Va . . “8 ° ° . m . 
wis’ Fig. 3C). Some, as in parts of the Gil- cation since the 6-ft fall began. Reefs of this type 
” “ Pt Islands, slope gently seaward toward the reef may be represented by the generally flat reef sur- 
1s . . - . . 
peripheral algal ridge. Others are faces that rise exactly to, or only slightly above. 
ite horizontal, perhaps because of ac- mean low-tide level and display numerous un- 
lution effects such as might occur in filled holes and irregular areas or pockets of rela- 
her rainfall, or because of partial res- tively loose interstitial limesand. ‘These stand in 
sete: sheetlike algal veneers on the outer contrast to the generally solid and sloping rock 
J platforms of the elevated and then truncated reef 
expected that nontruncated reefs will flats. 
areas of truncation, for it is unlikely Although described reefs differ greatly in de- 
of a given area or all parts of a given _ tail, all that rise to or near sea level display gen- 
th a , ar . 
uniformly shoal depths before the erally similar gross patterns of construction and 





Fig. 2. 


village, south side of Arno Atoll, Marshall Is. Tide is low. 


Reef fiats of rich organic growth and of truncation. (A) 


Rich coral growth along reef edge opposite In 


B) Close view at same locality. (C) Truncated reef fd 


opposite Government Station, east side Onotoa Atoll, Gilbert Is. Tide is low. (D) Close view of inner edge of 1 


Hat near ( 


erosion, both on and adjacent to the reef flat 
proper. As is emphasized by Ladd and others (42), 
either these patterns are parallel to the reef edge 
but random within the parallel zones, or they con- 
sist of parallel bands of features that individually 
are normal to the reef edge. The first type will be 
called concentric and the second radial. Concen- 
tric features are represented by the marginal algal 
ridge and back-ridge trough (where present), by 
srowth and sedimentation zones of the reef flat 
and of the lagoon and reef slope near it, and by 
many of the larger reef islands. Radial patterns 
include rilled rock beaches, tide-pool chains, reef- 
flat rubble trains, beach cusps, the groove and spur 
systems at the toothed edge of the reef, and some 
reef islands. Because construction and erosion are 
near or in a state of balance on most surface- 
breaking reefs, it is not possible consistently to 
correlate either principal pattern type with domi- 
nance of erosional forces, but 
each form or group of forms must be studied as a 


constructional or 
separate problem. 
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The irregular loops are truncated branches of the blue 


coral Heliopora in position of former growth 


The Reef Edge 

At low tide a low but prominent purplish-r 
ridge (Figs. 3A—3C’) may commonly be obser? 
at the outer 
This ridge seems to be constructed mainly o! ' 
crustose coralline alga Porolithon | Fig. 3B) anc 
therefore called the algal ridge (Lithotham 
ridge or coralline ridge in some reports). It 
ordinarily intersected by narrow grooves or sult 
3B, 3D) except where they hav 
been roofed over (Fig. 4D). Association of a 
ridge, grooves, and islands or evidences cf fom 


rT] 


margin of surface-breaking 


channels (Figs. 


Wl 


islands may be usual and significant. as will! 
noted. 

Water that 
through the surge channels on some } 


washes over the alga! mage 


efs ma 


lepressic! 


tains a parallel, shallow, water-filled 
(Figs. 2C, 3A, 3C) behind the ridg: 
times of lowest tide. A sparse growth 
characteristic of this back-ridge trough 


present, even on reef flats that elsewher 


of normal reef-buildinge organisms. 
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pposite Iy 
ted reef fd 
-dge of ree 
r growth 


irplish-re 
 oheene 
Ing reels 
ily of t 
B) and! 
thamr 
ts}. It 
or surg 
hev hat 
of alga 


f forme 


resent, the back-ridge trough may be 
but is not known to be) a remnant 


Wher 
terpreted as 
the ero 
y upgrow 
gal ridgt 


th of the algal ridge. Upgrowth of an 
at the reef edge might well follow 
minution of abrasion as an eroding reef bench 
pared the new sea level. Wherever the back- 
dge trough is lacking either the reef margin may 
t have been markedly beveled, or else the bev- 
ed front may have been completely restored by 
ganic overgrowth over a wide area. The slight 
rent recovery of sea level already noted has prob- 
bly further stimulated growth of the algal ridge 
< well as slight recovery of coral growth in the 
wer parts of truncated reef flats. 
The Reef Front and the Radial Groove and 
Spur System 
Parts of the seaward margins of many living 
fs display a comb-toothed pattern of alternat- 





jslgal ridge ; 
f rag 
mr 


vonis veneer on 
outer reef flot 


eo aa tae - 
~~ “Titian 
al 


a Cc 


ridge, back-ridge trough, 6-ft bench. 


onally beveled reef margin, walled oft 


(A) 


ing elongate spurs and intervening narrow grooves 
Figs. 3A, 4D, 5C 
by or consisting of luxuriantly 
coralline algae. high 
Saipan of the Mariana group, the toothed margin 
is likely to be well and regularly developed where 
surf is strong, the offshore slope not too precipitous, 
3 mi 


, the spurs commonly veneered 
growing crustose 
such as 


Around a island, 


and the reef margin not more than about | 
from shore (Fig. 5C€ Wherever waves spill 
freely into a lagoon with an ample outflow pass 
or passes, grooves ,are likely to be weakly devel- 
oped and irregular or absent. Wherever crustose 
coralline algae grow vigorously at such locations, 
or wherever a land-backed reef flat is very broad 
or surf is weak, associated algal growth is likely to 
diverge from the regular comb-toothed pattern. 
Here it either tends to take the 
irregularly lobate algal spurs with narrow irregu- 


Fig. 


form of broad 


lar interspaces or to effect a papillar pattern 
5B) of numerous closely spaced algal bosses or 


D 


Algal ridge of coralline alga Porolithon, east side of 


Gilbert Is. Tide is low. (B) Close view along surge channels and algae-veneered upper spur surfaces 
ity. (C) Back-ridge trough between figure and algal ridge at wave front; the articulate coralline alga 
bench surface in foreground. Same locality. (D) Oblique airview of groove and spur system at front 
roded reef bench that was relatively elevated by 6-ft fall of sea. East end Tarague Beach, North Guam, 
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Fig, 4. 


shore at Onotoa Atoll, Gilbert Is. Tide is low. Hammer is 15 in. long. (B) Oblique airview along Tarague Beach 


Rilled rock beach, groove and spur systems, surge channels. (A) Radially rilled intertidal rock beach on lagoo 


h 


North Guam, Mariana Is. Dark strips of elevated reef rock separate water in reef-flat grooves that continue se 


ward across present reef edge. 


rock of 6-ft sea at sides of groove shows jagged solution surface. Tide near high. (D 
with conspicuous organic overgrowth roofing inner parts of grooves and forming under-reef caverns 


end of Tarague Beach area. North Guam, Mariana Is. 
knolls. Such algal bosses may occur in seemingly 


random arrangement but more commonly tend to 


line up and geTOW together as algal spurs (Fig. 


9B). The algal buttresses or seem to be 
broader and more irregular wherever the reef is 
very narrow, the offshore slope steep, or the surf 
light. The grooves also are probably more irregu- 
lar on steep than on moderate to gentle offshore 
slopes. Groove systems, however, are commonly 
somewhat irregular and may fork either seaward 
or shoreward. Their most nearly invariable char- 
acteristic is an arrangement approximately normal 
to the reef and wave front. 

On windward sea-facing reefs with moderately 
sloping fronts, and opposite islands of atolls and 
barrier reefs, the groove and spur systems appear 
to be ordinarily of the typical comb-tooth pattern. 
On leeward or protected sea-facing parts of the 
same reef types the spur systems tend to be 
irregular or to give way to papillar patterns of 


spurs 
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(C) View seaward along outer part of reef-flat groove at near end of B. Elevated red 


Groove and spur system 
arrows) at wes 


algal growth. Along the shores of high islands the 
grooves at places may be related to joint systems in 
the rocks and may trend obliquely to the reef edgy 
The broad and irregularly lobate algal spur 
and the papillar patterns (Fig. 5B) seem mos 
satisfactorily explained as growth features. Other 
patterns of radial grooves and spurs at the front 
of shoal or sea-level benches are probably best a 
counted for by erosion. Examples of groove s\* 
tems of demonstrably erosional origin ave thos 
that occur seaward from limestone cays in oolitt 
underwater bench deposits of the Bahama Islan¢ 
43, p. 25) and in the margin of a sea-level bent! 
in volcanic conglomerate in eastern Saipan Fis 
5D). Between the extremes indicated there is pro 
ably a complete spectrum of genetic kinds 
groove and spur systems—from mainly e1 
mainly constructional—and of later mo 
of the two end-types by both erosion a! 
growth. Hoffmeister (44, p. 9) was an 


sional 
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erosional origin for the toothed edge 
acific reefs, but recent reviewers (40, 
pn. 413: 45 


erowth factors. I will undertake here 


have emphasized the 1m- 


fev the place of erosion in the formation 
ye systems and to relate this to the 6-ft fall 

It should be understood. of course. that 
balance of factors involved in the formation o! 
particular groove and spur system can be de- 


nlv locally. 


Frosional Factors in Evolution of Groove and 
Spur Systems 


Hvdr erosion (Fig. 6) is believed to be of 
ading importance in the origin of the markedly 
gular groove and spur systems of many near- 


oe 








shore reef fronts. he inferred mechanism involves 


the erosional origin of a basic pattern of sub- 


radially arranged residual spurs that subsequently 
became veneered and extended, or even obliter- 
ated, by algal growth. 

Spec lal signi fic ance is attached to abrasion dur- 
ing return flow seaward from elevated reef benches 
of surf-driven waters, to intertidal solution, to the 
formation of solution rills by fresh water in earl; 
stages of development or during preceding Pleis- 
tocene emergence. and to inhibition of organ 
erowth in the grooves in late stages of development 
owing to continuing outward movement of a 
diminishing sediment train. 

Underwater observations of dve flow and drift 


of detritus in transit in grooved areas show a con- 





‘ig. 5. Groove and spur systems, elevated grooves, gravel rampart. (A) Undercut side of erosional groove on elevated 
! bench at east end of Tarague Beach, North Guam. Same groove as Fig. 4C farther toward shore. Tide is near 
gh, water about 3 to 3% ft deep. (B) Oblique airview of papillar algal growth grading to a spur system at front of 





‘inging reef along the east coast of Guam, Mariana Is. 


C) Groove systems of 15- to 40-ft sea (12- to 35-ft bench) 

id of present sea along north shore of Saipan. Elevated supposedly erosional (cuts older rock) groove system between 
sent 1 w fringing reef and elevated moat gives the impression of being essentially continuous with that of pres- 

t reef front. (D) Surge-channel zone of groove and spur system in Bocene volcanic conglomerate at Hagman 


Beach, aa Saipan. (E) Gravel rampart at northeast end of Onotoa Atoll, South Gilbert Is. To right of gravel 


nerate id beyond is truncated modern reef-flat. 


vant of elevated, radially gravel-striped reef surface. to left is somewhat less elevated old reef-flat con- 
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Fig. 6. Some hydraulic 
tinuous outflow seaward ot a basal layer of water 
across the reef flat and down the uppermost reef 
the back-and-forth 
surging of the breaker zone (26, pp. 41-42). This 
would appear to be greatly intensified by the pres- 
moderate distances from and 


slopes, interrupted only by 


ence of islands at 
parallel to the reef fronts, for such islands cause 
piling up of surf-driven water that escapes mainly 
by return flow seaward as undercurrents. 

This basal return flow, wherever it transports 
clastic calcium carbonate or other sedimentary par- 
ticles by saltation or in suspension, could and prob- 
ably does scour the reef flat. The flow would pre- 
sumably be channeled to some extent by any initial 
irregularities on this surface or at the outer edge 
of the reef or bench as it pours over the edge and 
down the reef front. Without the 6-ft fall of sea 
level 


islands, it probably could not have occurred to 


and resulting extensive formation of reef 
anything like its recent extent and degree. The for- 
mation of solution rills on slightly elevated benches 
in early stages of development, inherited patterns 
of solution rills or residual irregularities from lower 
sea level stands, or even joint patterns may help to 
channel abrasive materials and solvent waters, as 


suggested. In the course of centuries, radial systems 


of subequally spaced erosional grooves and residual 


spurs might thereby evolve, extending to the more 
or less uniform depth of effective undercurrent 
action but being most pronounced in their upper 
parts. Many of the patterns seen are reminiscent 
of those produced by outflow of sand-bearing and 
calcium carbonate-dissolving intertidal water across 
rock beaches (Fig. +4) or of solution rills on sloping 
limestone surfaces. Spacing of spurs is comparable 
to beach cusps, reef-flat rubble trains, and some 
solution-abrasion rill patterns on rock beaches (for 


9092 


factors and zones of activity on an eroding reef surface. 


example, the southeast side Cocos Island, Gua: 
Modifications of the erosional pattern may rev 
from adjustment not only to initial irregularities 
bench morphology but also to patterns of orga: 
erowth outward from the reef front, and so 
elaboration by accompanying or subsequent 
ganic growth is characteristic. 

An emerged bench crossed by radial grooves 
an intermediate point in erosional reduction : 
be seen in the eastern part of Tarague beact 
the north end of Guam (Figs. 3D, 4B, 4 
The retarded development of the reef-flat gr 
at this place, however, seems to be further cor 
cated by renewed organic construction along | 
reef margin, perhaps as a result of the very | 
sea-level recovery mentioned earlier. Remnant 
slightly emerged surfaces elsewhere (25) « 
sionally point to the erosional origin of other © 
isting reef surfaces and probable erosional cont 
of the regular g 
Both elevated (Fig. 5C) and submerged tier 
grooves, presumably related to older interval 
bench truncation and reef growth and at 


groove systems at their margi 


coinciding with joint patterns, occur on 5a 
and probably other Mariana Islands. 

As the elevated reef or bench is gradually wor 
down, lateral planation and the action of hydra! 
pressure in confined spaces reduces the biological 
bored and weakened, and _ solution-pitted, inter 
groove remnants (Fig. 4C) to the general lev 
the existing sea. Eventually the amount © 
in transit is lessened, and both abrasion and sol 
tion effects decrease in importance with progres 
sive lowering of the emerged surface. I 
algae and corals reestablish themselve 
upper parts of the walls and fronts of 
front spurs as the grooves are lowered; a 
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vth with reduction in the amount of 
nsit and slight rise of sea level may 
Fig. 4D). In 
he traces of erosion may be obscured 

the spurs extended seaward as 
es (Fig. 4D?), and the regularity of 
storted. Under-reef caverns (Fig. 4D) 
s commonly result from such over- 


over of the grooves 


viously formed at lower water levels 
ed by intervening organic growth, 
likely to be indistinct or absent across 
inderwater benches, where the out- 

, current is dissipated and dispersed (Fig. 6). 
example is the weakly grooved bench that de- 
i, from 2 to 10 fathoms in a distance of 180 ft 
7 the windward reet of Onotoa Atoll, in the 
bert Islands. Here the grooves are barely per- 
Je from the breaker zone outward across the 
part of a strongly inclined bench that sup- 
sparse coral growth and is everywhere lit- 
with dead fragments of branching coral. The 
iter is broken up nearly in place, the grooves 

t seaward, and this part of the groove sys- 

. probably the result of current sweeping (O1 
stic veneering of a Pleistocene groove system) 

r than of recently active erosion or growth. 
ther places growth of algal spurs may produce 
iar grooves as residual features; perhaps con- 
ed with regard to location by continuing slow 
id movement of sediment trains that may 


t erode but also do not provide a suitable sub- 


tor growth of calcareous algae or corals. 
lhe parts of the radial grooves that cross the 
are called surge channels. In the 
tand Mariana Islands some algally veneered 
Figs. 34, 3B) that superficially are con- 
¢ growth forms were found, by diving with 
nidsk and aqualung, to be separated by 
that undercut the spur bases (similar to 
ind are floored with coarse gravel. Be- 
irge zone, the intervening spurs them- 
mimonly of eroded appearance and 
Some of the 
southwestern Saipan end in, or are in- 
submarine potholes that contain 
(46, p. 787, Fig. 3 
ble gravel in the reet-front grooves of 
the Marshall Islands; and I have seen 


sparse organic growth. 


Stearns has also 


ind in motion in grooves off Cocos 

h Guam. 

rved in grooves (not potholes) at 

ert Islands) was mainly slabby and 
up to an estimated 4 ft across and 


thick 


pothole gravel is generally 


smaller and subspherical or subellipsoidal. ‘The 
largest slab seen to move at times of moderate surf 
was about 8 in. in diameter and 2 in. thick, but at 
times of great storm even the large pieces are 
probably moved, or they would not be worn as 
smooth as they are on all sides. Back-and-forth 
sliding in the zone of concentration in the surge 
channels may be a factor in shaping those gravel 
fragments that did not inherit their slabby form. 
The free diver suspended in the lower parts of the 
surge channels at moderate surf 
finds himself carried back and forth 15 to 20 ft at 
a time as the waves break and then retreat. The 


times of even 


probable back-and-forth movement of the gravel 
at times of strong surf may scour the grooves in 
the surge zone and produce oversteepened inner 
ends——or similar oversteepening may result from 
organic upbuilding of the outer reef flat in late 


stages of development. 


Relationships between Grooves, Islands, Algal 
Ridge, and Wind Direction 

In the Pacific Ocean area, at least, the grooves 
appear to be most abundant on windward reefs. 
However, they occur in all quarters of the wind 
and are believed to be directly related to some- 
thing other than wind. Apart from slight emer- 
gence, the controlling factor in a well-developed 
regular groove system may be the presence of an 
island at the 


surf-driven 


or other barrier to water movement 
reef-flat. ‘The 
water piles up against this barrier and escapes by 


inboard edge of the 
flowing seaward beneath the inrunning current. 
This detritus-bearing and, at times, calcium car- 
bonate-dissolving undercurrent cuts the grooves or 
deepens previously established tracks. At the same 
time the reef margin is prepared, by beveling, for 
later upgrowth of the algal ridge—a growth form 
of clean, turbulent waters. Wherever a barrier Js 
missing the water washes across into the lagoon 
behind (only weakly resisted by the lagoon waters 
themselves), return current flow is weak, abrasive 
materials are not likely to be abundant, and grooves 
are likely to be only weakly and irregularly de- 
veloped. Greater frequency of grooves (and algal 
ridges) to windward is thus inferred to be related 
to greater frequency of islands to windward. The 
concentration of islands to windward presumably 
results from numerous storms of 


more average 


rampart building) intensity and fewer destruc- 
tive cyclonic storms from the normally windward 
direction. 

Wherever grooves and surge channels are well 
developed without an immediately inboard island 
the former presence of an island, or other barriet 
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to cross-reef water movement, is suggested, and 
evidence of the missing island is to be looked for. 
Actually, if most of a reef-flat were planed as a 
result of the 6-ft fall, most of it may at one time 
have been an island or barrier to cross-reef move- 
ment of water. But more satisfying evidence of 
former land of some duration may be found. The 
bedded and indurated shore-line detritus known 
as beach rock, for instance, is conclusive evidence 
of former land. It also suggests the approximate 
position of such land, for, with imvertant excep- 
tions, it dips 4° to 7° lagoonward or 7° to 10 
seaward from the land at its place and time of 
formation. Well or grave holes and native his- 
torical records are other sources of information 
on the presence and location of former islands. 


Such findings are important, for a test of the 
suggested hypothesis of groove origin might well 


be formulated around the frequency of a rela- 
tionship between well-developed groove systems 
and algal ridges of the present sea level to islands 
or evidences of former islands at the inboard side 
of the reef-flat. In this connection it would be of 
interest to know more about the distribution of 
groove systems and algal ridges in Indian Ocean 
atolls, where it is said that most reef islands are 
found to leeward (40, p. 437 


Anomalies in Groove Distribution 


Absence or inconspicuousness of the radial 
groove and spur topography away from areas of 
organic growth is a difficulty with the suggested 
importance of erosion in the formation of groove 
systems. However, this may be related (i) to the 
general absence from such areas of abruptly down- 
sloping margins that would focus the action of 
undercurrents on the rims and outer slopes of 
relatively narrow near-surface or slightly elevated 
benches. or (11) to the even greater rarity of sol- 
uble limestone benches that might accelerate or 
control grooving by solution rilling. Where inter- 
tidal or very shoal benches along oceanic coasts 
have abruptly descending fronts, have widths com- 
parable to those of grooved reef-flats, and are 
backed by land, groove systems are to be expected. 
(hose in oolitic limestones of the Bahama Islands 
and in a conglomerate bench in eastern Saipan 
Fig. 5B) were noted in a foregoing paragraph. 
It is, of course, to be expected that tectonic effects 
and isostatic adjustments in unstable areas may 
also restrict the occurrence of well-defined radial 
groove systems through depression or through ele- 
vation too recent for erosion to produce noticeable 
effects. 
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Reef Islands 

Reef islands are the islands of ca! 
bonate or “coral” sand and gravel that 
narily not much more than 10 to 12 ft and yyy 
more than 18 or 20 ft above sea level from, 
surfaces of barrier reefs, the outer reefs of 
or isolated table reefs and patch reefs. lhe {og 
dations on which they rest for the most part py 
ably consist of a reef that has grown to the y 
face of the sea, or one that, having grown to w:: 
6 tt of the surface, was relatively elevated }y ; 
6-ft fall of sea level. A few are based on 
surfaces and, presumably, are at least partial yy 
nants of older islands (Fig. 1D). Without cop 
ering the relative adequacy of the two gene 
types of foundation, it seems self-evident that } 
6-ft fall would have provided many founda 
of the second type, as first suggested by Gard 
15, p. 464; 16, p. 36). The existence of ; 
emergent foundations has been demonstrated 
the Gilbert and Ellice Islands, and in some oj ¢} 
atolls of the Marshall Islands and Indian 0 
26, pp. 47, 52 

Such surfaces would be susceptible to so 
by rain water and also to a certain amount 
truncation by overriding storm waves. At the su 
time, rubble tossed upon them would have a rela 
tively good chance of remaining in position at 
distance from the reef front that would van 
altitude, slope, and the transporting powe! 
storm waves. It would not be surprising 
such a surface, some great storm or series of stom 
eventually constructed a gravel ridge (Fig 
42, pl. 6, Fig. C) or series of ridges that remai 
relatively stable along a given line and under 
vailing strength of waves. Ridges of this 1 
occur along the seaward front of many linear 
islets, such as those of Onotoa Atoll in the Gilbe 
Islands (26, Figs. 2-3). Locally they are obs 
by later dune sands and added to by linear sea 
gravel accretions (42, pl. 6, Fig. C) that at | 
produce a composite series of ridges. Intert 
cementation should help to anchor such a ¢ 
ridge. As solid cementation of a reef surface 
pears to be strongly favored by intevtidal 
posure, old reef surfaces beneath islands may ! 
be solid where the island debris began to accu! 
+] 


late and bury them before or very short! 


full emergence occurred. 

As a result of lagoonal longshore dr 
by current sweeping around the ends of t 
plus the effects of wind action and 
storms, sands and fine gravel may accu 
hind gravel ridges, once the latter ai 
Great storms may pile more gravel 
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ff such a protective rampart, breach 
further across the reef. Dune sands 


that rise ; ver and behind it. Continuing drift 


ft and rap nds, and storm wash from the lagoon 
vel from 4 i a broad low ridge or succession of 
eeis of atl and lagoonward from the gravel 
fs. The art. Then follow further additions to 


ISt Part pro 


n to the « 


le by still-continuing longshore drift, 
ind dune formation. Windblown and 
debris in time comes to veneer, but 
the resultant medial depression. Rem- 


WN to with 
vated by ¢ 
sed on old 

partial rey 
thout Consif 


dial depression are, in fact, generally 
even in late stages of island develop- 
places are the site of brackish- or 
two. gener 


dent that 


water ponds. 


oes in island growth, according to the scheme 


foundatiogif@}ined, may be illustrated by the longitudinally 
by Gardingif ed island strips of Marakei Atoll in the Gilbert 
nce of suffMnds 47, pls. 149 and 150), and by filling 
onstrated 90 of lakes in the central depression of 


some of th Island on Addu Atoll in the Maldives (48, 


Sewell also deduces (48, p. 77) by reference 
ce ‘ines, that “the inner beach of the island 


idian Ore; 


to solut vanced toward the lagoon by some 10 yards” 
amount een about 1885 and 1934. Beach-ridges, show- 
At the sar ccessive lagoonward growth, are commonly 
have a rel acrial photographs of reef islands. 
sition at hing to the well-known monsoon-trade wind 
d vary wit ns are commoner from the normally 


power MiPndward direction, and gravel ramparts and 
ising 1f i; are more likely to form on windward reefs. 
frequent violently destructive storms, how- 
seem most generally to come from the nor- 


leeward side and are prone to sweep poten- 


es of stor 

Fig. 3f 

at remain 
unde! 

this natur 


sland-forming debris or existing islands from 
eward reefs as they drive great waves across 
linear atoliMen, T} 
the Gilb 


re obs 


s the two factors may combine to favor 


development and preservation on windward 
At the 


ar S@awa! ASRS aT d 


same time, current interference near 
projections (or horns) and partial de- 
previously formed islands probably 
iny patterns of island formation and 
differ from the idealized form 
the foregoing paragraphs. 
t seems likely that even linear reef islands 
wes developed in other ways—but many can 


laincd adequately by the suggested mech- 


widely 


evidence of its operation may be ob- 
thers by later deposition, storm breach- 
tions in the history and pattern of 


| the manner outlined (Fig. 7) or by 
ls, one can visualize the origin or ac- 
elopment of reef islands as a result 
ill of sea level. Soon thereafter the 


central Pacific was probably dotted with island 
stepping stones on which a distinctive vegetation 
took root and by way of which the Polynesians 
could 
Hawai. Indeed, it seems reasonable to take the 
present wide development of the habitable reef- 


have traveled within sailing distance of 


island stepping stones as, in itself, presumptive evi- 
dence for the 6-ft fall of sea level. 

Even today some of these islands are still grow- 
ing through additions to their lagoon margins, 
and, as is shown by buried humus layers, through 
accumulation on their upper surfaces of the wind- 
borne tests of Foraminifera and other fine particles 
the reef-flat. At the 
same time other islands are being eroded. Still 
others have been completely or partly washed 


of calcium carbonate from 


away at times of great storm, if one accepts the 
evidence of beach-rock remnants and old well o1 
10, p. 512 
not adjacent to islands. Basically they are evanescent 
features. The destructive effects of storms will pre- 


grave holes on intertidal or shoal flats 


sumably increase as the sea level rises again, and, 
if the present rate of recovery continues, the sea 
will regain its former 6-ft level before a great many 
more hundreds of years. Under these conditions it 
is implicit that most of the reef islands will be 
washed away or reduced to uninhabitable remnants 
unless reef and island growth keeps pace with ris- 
ing sea level. On the other hand, if the present 
warm climate is merely a temporary reversal of a 
major trend toward cooler climatic conditions and 
enlargement of glaciers and ice caps, existing is- 
lands may be further elevated and enlarged, trun- 
cation of presently flourishing reef surfaces will 


eventually ensue, and new islands will appear 


Summary 
A general explanation is suggested for the su- 
perficial aspects of existing organic reefs. This in- 
to 6-ft fall of sea level 
1500) years ago, « oupled 


volves the effects of a 5- 
that began about 3000 

with slight recovery from the lowest point of fall 
beginning Evidence for the 
recent 5- to 6-ft sea level drop (called the 6-ft fall 
for brevity 


100 years or so ago. 
is found in all tropic oceans. Its cause 
is seen in renewed growth of ice caps since the 
postglacial thermal maximum. 

The surfaces of reefs that lay within 6 ft of sea 
level when the 6-ft fall began were subject to trun- 
cation by abrasion and solution. They ordinarily 
support few reef-building organisms today. Con- 
versely, present sites of most flourishing reef sur- 
faces were probably more than 6 ft below sea level 
when the 6-ft fall began 
line algae that fringes the outer margin of many 


The low ridge of coral- 
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reefs, and commonly walls off a back-ridge trough 
behind it, may have grown up from the beveled 
reef edge with decline of bench reduction and 
initiation of sea-level recovery. The latter factors 
also stimulate local renewal of coral and algal 
vrowth at other places, especially at reef margins. 
Tectonic influence locally alters the general scheme. 

The toothed edge of radial grooves and spurs at 
reef fronts is attributed to the balanced interplay 
of erosion and growth. Both solution and abrasion 
are believed commonly to play a part in the radial 
pattern, especially during reduction of elevated 
reef surfaces such as resulted from the 6-ft fall of 
sea level. The preponderance of well-developed 
regular groove systems and algal ridges off wind- 
ward reefs may be related to preponderance ot 
former islands) to windward. 


ree! islands oO! 


Fig. 7 


bench reduction decreasing. 


Conjectural stages in the evolution of a slightly emerged reef surface 
A) Reef surface within a fathom of sea level before beginning of 6-ft fall. (B 
built gravel ridge approximately stabilized on eroding reef bench. Beginning of groove 
nearly complete. Bar formation results from current drift around ends of gravel ridge 
D) Six-foot fall completed and slight recovery of sea level under way. Is 


Surf-driven water, barred by islands. 
ward in detritus-laden and commonly s 
rain dilution and lowered pH) return 
furrow and bevel the reef margin and 
organic growth along established outfl 
the 
grooves and surge channels, along the 


ganic overgrowth in nonerodi: 


and seaward from eroded 


later adds to, produces variations of, 


margin 


obliterates the primary erosional effects. § 


of very broad irregular spurs and 


algal bosses seem to be wholly constructic 


particular balance of factors that resulte: 


origin of any given groove and spur sys! 
therefore, an individual problem. Probably 


parts of all 


groove and spur systems date f) 


6-ft fall of sea level alone, but the effects , 


Six-foot fall well undé 
erosion. (( 


tion by longshore drift, storm wash, and dune formation now complete and vegetation established. Th 
is now a gravel rampart protecting the island behind it from erosion. Growth of algal ridge has wall 


ridge trough at outer edee of reef flat 


Parts of grooves through algal ridge are 


suree channels, 
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highly generalized and 


and storm wa 





ed to be widely significant for their 


nce of habitable low reef islands is 
to the 6-ft eustatic fall, and an 
nce of development for a concentric 


and is graphically summarized by 


ent world temperature increase con- 

the sea will be back to its former 
r 300 to 3000 years and such islands 
ver of eradication by wave attack, 
nd island growth keeps pace with 


t 
to! 
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The Scientists Must Speak Up 


The problem of the effects of H-bomb explosions is terribly disturbing, but I do not 
think that a conference of scientists is what is needed to deal with it. There are to 
many conferences in the world today and too many decisions taken by them. 

What the world should do is to listen to the warnings of individual scientists wh« 
understand this terrible problem. That is what would impress people and give then 
understanding and make them realize the danger in which we find ourselves. 

Just look at the influence Einstein has, because of the anguish he shows in face of 


the atomic bomb 
It must be the scientists, who comprehend thoroughly all the issues and the danger: 
involved, who speak to the world, as many as possible of them, all telling humanity th« 


truth in speeches and articles. 

If they all raised their voices, each one feeling himself impelled to tell the terrible 
truth, they would be listened to, for then humanity would understand that the issues 
were grave. 

If you and Alexander Hadlow [who has pleaded for a United Nations conferenc 
of scientists on the H-bomb| can manage to persuade them to put before mankind th« 
thoughts by which they themselves are obsessed, then there will be some hope of stop 
ping these horrible explosions and of bringing pressure to bear on the men who goveri 

But the scientists must speak up. Only they have the authority to state that we cal 
no longer take on ourselves the responsibility for these experiments, only they can say 11 

here you have my opinion. I give it to you with anguish in my heart, anguish whic! 
holds me from day to dav. 

With my best wishes and in the hope that those who must advise us will make them 
selves heard.—ALBERT SCHWEITZER. 

This letter appeared originally in the London Daily Herald and was reprinted u 
Science with Dr. Schweitzer’s permission. It also was reproduced in the Saturday 
Review for 17 July at the suggestion of Eugene Exman, who is Dr. Schweitzer’s Ame 
can editor. Dr. Schweitzer currently is dividing his time between his home in Gunsbac! 
Ilsace, France, and his hospital in Lambaréné, French Equatorial Africa. 
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he Present State of Operationalism 


introduction and the six articles that follow—by Henry Margenau, Gustav Bergmann, 
G. Hempel, R. B. Lindsay, P. W. Bridgman, Raymond J. Seeger, and Adolf Griinbaum 
prised a symposium on “The present state of operationalism” (or as some authors prefer to 
of operationism”) held in Boston, Massachusetts, in December 1953. The sympostum wa 
ored by the Institute for the Unity of Science, the National Science Foundation, and the 
erican Academy of Arts and Sciences and was the second part of a five-part conference on 
general subject Validation of Scientific Theories. The papers comprising the first symposium, 
ons for the acceptance of scientific theories,” appeared in the September issue. The paper 
for the remaining three symposiums will appear in subsequent issues 





in Interpretations and Misinterpretations 
f Operationalism 


HENRY MARGENAU 


Dr. Margenau is Eugene Higgins professor of natural philosophy and physics 
at Yale University, where he has served on the faculty since 1928. He was edu- 
cated in Germany and at Midland College, Fremont, Nebraska, the Universit) 


of Nebraska, and Yale University. He taught for a year at the University of 

Nebraska and has been a visiting professor at the University of California, the 

University of Washington, New York University, Haverford College, Heidelberg 

University, and Carleton College. Dr. Margenau’s special fields are atomic 
physics, nuclear physics, and the philosophy of physics 


\ introducing this symposium on “The present Yet every x ientist feels the value of the opera- 
tate of operationalism,” I deem it proper to tional approach. I shall try to indicate the reason 
ep my remarks brief and general, leaving for this by showing that operational definitions 
ism and appraisal to the active participants. occupy a ¢ ritical role in the methodology of science. 

Operationalism is an attitude that emphasizes If, as is customary in much of traditional philos- 
ed of recourse, wherever ‘feasible, to instru- ophy, we recognize within our cognitive experience 

tal procedures when meanings are to be estab- two dominating poles, the rational (concepts, con- 
brideman disavows its status as a philosophy _ structs, ideas, and so on) and the immediate (such 

lv so, for as a general view it would be as sensations, observations, and data), then there 
on two counts. First, it cannot define the arises the problem of bridging the two. For it is 

ing of “instrumental procedure” in a manner Clear that a concept is not identical with, or induc- 
ives the view from being either trivial (which — tively derivable from, a set of percepts. The non- 
ibe true if “instrumental” were construed to empirical requirements that render fertile and con- 
bolic, mental and paper-and-pencil sistent the constructs of a given theory [in The 

rr too restrictive (if all operations are Nature of Physical Reality McGraw-Hill, 1950) 

‘tory procedures). Second, it fails to I have called them “metaphysical requirements’ | 

ing to substantive concepts—that is, can be stated without reference to actual observa- 

ted to entities that are regarded as the — tions; hence, they do not validate or reify the con- 
erationally determinable qualities or structs they confine but establish them merely as an 

) illustrate this latter point: it is pos- internally consistent set, a formal theory. ‘The em- 

in terms of instrumental! procedures, pirical requirement, the possibility of circuits of 

he mass, and the spin of an electron, factual verification that mediate between observa- 

e electron itself. tional data and constructs, confers validity, and 


209 





such circuits are impossible without operational ‘Thus it is necessary, and a survey 


definitions—-operational in terms of performed or method shows this to be true, that e 


procedures scientific measurable quantity have 


/ 


imagined labhorator 


This implies that operations are not the only — definitions, one formal and one instrument, 


means of defining scientific concepts; indeed, the an interesting task to show how some scier 


analysis shows precisely why they alone are insuffi- to become exact because they ignore this dua 


crent. A valid concept must belong to a satisfac- acter of the definitory process. Omission oj 


tory theory which obeys the metaphysical rules. tional definitions leads to sterile speculat 


his it cannot do unless it is susceptible to a formal metaphysics in the sense of the detractors 


definition that links it nonoperationally to other discipline; disregard of formal (or “‘constity 


concepts or terms of the theory. But it must also definitions leads to that blind empiricism 


he empirically verifiable, and this requires a link- misses the power and the beauty of moder 


age with observations via operational procedures. — ical science. 


IPR 


Sense and Nonsense in Operationism 


GUSTAV BERGMANN 


Dr. Bergmann, who received his Ph.D. degree in mathematics at the Un 
of Vienna, is a member of the Vienna Circle, a group of philosopher 
come internationally famous. He came to this country in 1938 and, sinc 
has been connected with the State University of Iowa, where he is now ¢ 
of philosophy and psychology. His primary interest ts in the theory of kr 
but he has also done much work in the philosophy of science, particular 
logic of psychology. Dr. Bergmann has contributed chapters to several | 
published numerous articles in philosophical, psychological, and mathe: 
journals. Some of these have been anthologized in H. Feigl and M. B 
Readings in the Philosophy of Science (Appleton-Century-Crofts, New 
1953) and in M. Marx, Psychological Theory (Macmillan, New Yor! 
Eighteen of his epistemological essays have been published under the 
Green, New York 


Metaphysics of Logical Positivism (Longmans 


PHILOSOPHY on philosophic 
a system of mutually consistent and inter- 


language and understands its logical word: 
understands only a part of its descriptive \ 


position is 


lary. Call this part his basic descriptive 

If this basis is properly chosen, such a on 
principle, be taught to understand any desc 
term by presenting him, within our languag' 
its definition. This is the point. In stating 1t | 
aged to avoid, at least verbally, the contro 


dependent explications of and answers to 
philosophic questions with the implicit claim that 
all such questions-—those that have been asked in 
the past as well as those that may be asked in the 
future-——can be clarified in the style or manner of 
the system. The number of points actually dealt 
with must, therefore, be large enough to provide notion of meaning. I did this because I belie. 
an adequate idea of the style or manner. By this some of the nonsense that is now being said 
token, operationism is not a philosophic position. meaning is not unconnected with some 
notion of operationism. To this sort of thing |» 
briefly attend in my last comment. But the ' 


of definition, which I could not avoid, 


Its concern is with one point and one point only. 
More 


sense both reasonable and reasonably specific, is 


conservatively still, operationism, in any 


merely a footnote, though an important one, to a 
point that has received much attention and has 
been accepted by many philosophers, at least since 
Locke first distinguished between simple and com- 


plex ideas. I shall first state the point, then the 


footnote. 
Imagine one who knows the grammar of our 


troversial, not perhaps like meaning 
losophy, yet precisely in the context 
used it. I add, then, that I use it at 
in a sense broad enough to preclude 
This broad includes definitio 
speaking, that is, definitions whose de! 
eliminable; it includes partial defini 


sense 
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ion of 
e ulat ( 


ctors 


Onstit t 


rIcIsm 


node rl 


yn trovers 


belie. 


§ald a 


wo 


: foot rule, 


nean for a definition to be partial, 
ed reduction pairs; it even includes 
mmonly, and I think less confusingly, 
nterpretation of axiomatic calculi. In 
nse of definition, the point is, to re- 
yability of our descriptive vocabulary 

part of it. 
ite is a comment on the logic of con- 
mn in science. This limitation of range 
nsequences. For one, the terms whose 
r definitions are asserted or examined 
the concepts of the several sciences, par- 
s one says, very loosely but quite intel- 
the more abstract ones. For another, the 
ocabulary may be assumed to contain only 
mplest terms of what Carnap once called the 
ve. Informally speaking, it does not 
that of an unsophisticated laboratory at- 
Consider now, without prejudice, the case 
explicit definition, say, that of a very primi- 
oticn of length. The definition being of the 
lled in use, the definiendum is not the single 
1) but a whole sentence, say, in an 
The length of this ledge is three feet.’ 
lefiniens proposed is a conditional, ‘If A then 
here ‘A’ is a statement of the measuring pro- 
namely, the laying off in a certain manner 
and ‘B’ a statement of what one 
rves after one has performed this operation, 
_ the coincidence of one corner of the ledge 
me end of the foot rule at the third step. 
lly one may say, again without prejudice as 
il, that the definiens states what one must 
{ what, having done it, one must see in order 
sert the truth of the simplest kind of statement 
vhich the new term occurs. This comment, 
ts emphasis on what we do and that we often 
‘do something, manipulatively, if we want to 
it whether a certain statement is true, is the 
footnote operationism has contributed. 
this is completely noncontroversial. Equally 
ntroversial is, to my mind, the proper answer 
} 


)ector who voices, as it were, certain appre- 
is of common-sense realism. “What you say,” 


es 66 


ction goes, “sounds suspiciously as if you 


were somehow making the _ ledge’s 
you measured it. Yet, the ledge has 
is there and, in particular, the length 
whether or not you or anybody else 
Here is what I would answer. “The 
at there is. the so-called ontological 
ngs to first philosophy. It cannot even 
intelligently in this narrow context, 
of scientific concept formation, with 


( operationist footnote, has no bear- 


ing on it whatsoever. If it will help to convince 
you that this is so, I am prepared, as long as we 
talk in this very general fashion, to put the con- 
ditional in the subjunctive, ‘If one were to do this 
and this, then one would observe that and that.’ 
On the other hand, if you want to know how long 
the ledge is and have no means of inferring it from 
something else that you already know, then you 
will indeed have to measure it. This is perfectly 
commonsensical. So you need not fear that by ad- 
mitting it you have fallen into a philosophic trap.” 

Fundamentally, this is all that needs to be said 
about operationism as such. If, however, one is to 
survey sense and nonsense around it, one should, 
perhaps, do three more things. First, one may take 
stock of the 
which both sides make sense. Second, one may ex- 


more technical disagreements, on 


plore, as an analytic historian of recent ideas, the 


impact of the doctrine on the several sciences. 
the 
philosophic nonsense that was either stimulated by 


Third, one should at least identify some of 
or is in some fashion congenial to an exuberant 
notion of operationism. I shall briefly take up these 
three topics in this order. 


I 


The finer technical points all hinge on how 
broad a notion of definition the thesis requires. In 
taking stock of them, as I said I would, rather than 
discussing them once more in detail, my main pur- 
pose is to trace the disagreements in this limited 
area to the several positions taken on certain philo- 
sophic issues, issues that are much more pervasive 
and fundamental. 

Some concepts are introduced not by definitions 
in the narrower sense, either complete or incom- 
plete, but by the interpretation of axiomatic cal- 
cull. On this, as far as I know, everybody who is at 
all interested in these questions agrees. Everybody 
agrees, for instance, though perhaps not for the 
same reasons, that the terms of quantum mechanics 
must be so introduced. There is disagreement, and 
how much can be 


that not very serious, only on 


achieved without resorting to this procedure. The 
the latter 


fords to introduce terms that have by 


salient feature of is the freedom it af- 
themselves 
no empirical counterparts, that is, counterparts 
presumably introduced by chains of definitions in 
the narrower sense. Let me sacrifice pointless gen- 
erality to the advantages of an illustration and con- 
sider the kinetic theory of gases of, say, 1890. The 
empirical terms are in this case those of phe- 
nomenologica! the 

Such 


phrases as ‘molecule, ‘the position of a molecule,’ 


thermodynamics: calculus is 


the so-called mechanical model. terms and 


1] 





nomentum of a molecule’ have by them- that the issue must eventually be joined. Both. 
corresponding empirical terms. This believe that for a technical discussion }: js ; 
rity is now sometimes being talked about — sary to construct formalisms or ideal lang iages 
ner I find confusing. Specifically, I would — are, in a familiar sense, abstracts or schemat; 
as some who say certain things now would — constructions of our natural language. For the m« 
had to say consistently had they lived in 1890, there are two issues in this area, not one. Ai 
was then “operationally meaningless” to at- plicit definition is also complete in that, if it ; 
position or momentum to an individual — stated, nothing can be added to it; to add ; 
ile. Saying any such thing implies a censure — or to change it otherwise is to propose an alterna; 
hat is completely unjustified, irrespective of the reconstruction. Reduction pairs may be supp} 
entual success or failure of the theory. Or, to use mented by further reduction pairs. The on | 
once that dangerous word, what is here in- is thus completeness versus incompleteness in ¢} 
is merely a question of economy, not the sense. The other is eliminability versus nonelim 
more radical one of meaning. The lack of ability, for the definienda of explicit definitions 
nomy one may charge, which is now sometimes eliminable. Reduction pairs lack this feature 
‘ken of as the excess meaning of a model, has, are, therefore, not literally definitions in the trad: 
yurse, its advantages as well as its price. tional logical sense. I turn first to the second 
yncerning the question how soon, as it were, these issues. 
reduced to the interpretation of axiomatic The facts in the case, if I’ may so call then 
ish to comment on a recent statement as noncontroversial as the so-called paradoxes 
2). Examining in detail how real material implication from which they ultima: 
iter into scientific statements, he first flow. In those formalisms that the two sides ar 
with his usual lucidity, of the gap that willing to accept, it is impossible to reconstru: 
‘al numbers from the crude fractions with idiomatic accuracy the subjunctive, ‘Ii 
ipulatively represent and then argues were to do this, one would see that,’ which | 
urate bridging of this gap requires the proffered in my imaginary exchange to the s« 
interpretation of axiomatic calculi. I have, of  picious realist. Technically this entails that i 
course, no quarrel with the argument. I merely _ plicit definitions are used in the reconstruction 
deplore the emphasis. I deplore it because I be- tain statements become in certain cases false \ 
lieve that if in any given case the use of real num- their idiomatic counterparts are true, and | 
bers were the only reason why definitions in the — versely; when reduction pairs are used, their | 
narrower sense break down, it would still be worth values remain in these cases conveniently indets 
while to investigate how far we could get by defi- | minate. The advocates of explicit definition n 
nitions alone if we forewent the convenience of tain that these disturbing cases are reall) 
real numbers. In other words, one should try to trivial and that therefore, if their mechanis 


the 


bring out the differences between, say, length and once understood, one need not worry about t 


1 U-function, rather than put them in the same The philosophic motives behind this stand, w! 
boat, for a reason that is fairly obvious. For the as I said by far transcend the immediate issu 

real numbers are merely a part of the logical ap- two. For one, these students feel that a so-ca 
paratus; concept formation is a matter of the definition which abandons eliminability 1s no' 


Lae 


descriptive vocabulary. So it will be well to put to — satisfactory analysis of the term it introduces 
one side the specific problems of the former in another, they are convinced that the formal s 
order to get an unencumbered view of the latter. cannot and need not in all details and trait by | 


lo say the same thing differently, one may start agree with the idiom. For if it did, how cou! 

with the interpretation of an axiomatic calculus, serve its one and only purpose, to be a too! of p! 

so that real numbers can be used once and for all, | sophic analysis and not, phantastically, an art! 

and then ask how much can be done in this cal- language to be actually spoken? So the 

culus by means of definitions alone. But then, all — of explicit definition, of which I am one 

this goes to show that my demurrer is merely a themselves at this point of the leeway 

matter of perspective. It is not in itself a disagree-  viction gives them 

ment on either fact or logic Some see a virtue in the incomplet: 
Those who disagree on the respective scope and dui tion pairs. ‘They reason as follows. A 

inerit of explicit definition and reduction pairs also trodynamics developed, more and mo 


share common ground. In fact, it is on this ground measuring current were discovered. Ea: 


» 
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ht to provide a new reduction pair. 

more of these pairs accrue to what re- 

nse the same “definition,” the concept 

mes richer and richer in meaning. 

vay, is a harmless meaning of ‘mean- 

Jlippery synonym being ‘signific ance.’ 

rgue this way reject explicit definitions 

their completeness. Supposedly they are 

| cannot do justice to the growing edge 

The counterargument moves on two 

ind in principle, the logical analysis of 

s not concerned with its growth. ‘To 

vrowth is the task of the behavior sci- 

finitions a onfuse the latter with logical analysis is 
feature and 
n the trad 


S€cond of 


lopt the instrumentalist or some other variant 
the idealistic position. Second and in detail, the 
jeniticance of a concept at any given stage of 
ledve reflects itself, not in its definition, but in 

il them 
iradoxes 
ultimate! 


O sides are 


iws in Which it occurs. 
ecently incomplete definitions have found a 
advocate in Pap (4). According to Pap, the 
trouble with complete ones is that they do not 
reconstrucf™ low for the assignment of the proper probabilities, 
ve, ‘Tf ithe kind now called ‘probability,,’ to scientific 
hich [ jufiheories 
to the sus 
that if 
UCtION, (ef will naturally not be impressed by the new 
false \ lhis, however, is a different story and, again, 


I make no claim to 


ies. That may well be so. 
\wertness on the details of probability,. Only, one 


thinks, as I do (35), that probability, is a blind 


and more important than what is directly at 
their tru between the critics and the defenders of re- 
tly indeter- tion pairs 
ition n 


I] 


eally 


onism, both the idea and the word, origi- 
i within physics. Its manifesto, Bridgman’s 7 h¢ 


chanism s nerat 
bout the 

and, whit Vlodern Physics, was written by a physi- 
uumediate stimulus apparently was Ein 
celebrated analysis of nonlocal simultaneity ; 


e Issue, af st. The 
a so-caliee 

idably enough, since the best way of char- 
duce 
MUCES 


] 


' 
nal scl 


‘erizing his achievement in a very general man- 
that, having recognized the need for 

il definition of the concept, he pro- 

that proved spectacularly significant. 

the Einsteinian revolution consummated, 
sciences did not stand in great need of 

nist discipline. Accordingly the impact 
Occasionally one finds in physicists’ 

ments of the kind I criticized when I 

tic theory of 1890 as an illustration. 


ait bv trail 


uk that this kind of mild nonsense o1 
entirely nonspecific use of the word 
* does much harm in the physical sei- 
re much too set for that. 


The impact on psychology was tremendous. 
Again this is easily understood. Applied to psycho- 
logical concepts, operationism becomes methodo- 
logical behaviorism, that is, a behaviorism sobered 
and shorn of its metaphysics. Operationism can 
thus take credit for having facilitated the transi- 
tion from Watsonianism to contemporary behavio1 
theory. To be sure, there was also some nonsense, 
mostly misunderstandings owing to the philosophic 
naivety of some psychologists. By now these mis- 
understandings have happily disappeared; at least, 
they have been pointed out. The root of the trouble 
was that some psychologists in their enthusiasm 
mistook the operationist footnote for the whole 
philosophy of science, if not for the whole of phi- 
losophy. So they thought, first, that operationism 
also provided rules for assuring the significance of 
concepts properly defined. There are, of course, no 
such rules. Second, while operations in the relevant 
sense are manipulations and nothing else, they saw 
operations everywhere. At the one extreme, the 
scientist’s perceptions were decked out to be a spe- 
cies of operations; at the other, his verbal and com- 
putational activities were as so-called symbolic 
operations herded into the same corral. ‘This com- 
pletely nonspecific use of ‘operation’ proved con- 
fusing. And there was still another confusion. To 
give an extreme illustration, some refused, presum- 
ably on operationist principles, to “generalize” from 
one instance of an experiment to the next if the 
apparatus had in the meantime been moved to an- 
other corner of the room. Yet, there is no a priori 
rule to distinguish relevant from irrelevant vari- 
ables. Nor is there any such thing as an exhaustive 
description. Generally, the operationist fashion pro- 
vided some specious arguments to those who dis- 
liked all sorts of theorizing or, even, conceptualiz- 
ing. But perhaps it was wholesome that psychology 
went through this phase. 

If physics did not particularly need the opera- 
tionist discipline and if psychology has accepted 
it, the case of the group sciences such as economics 
and sociology is again different. Their outstanding 
feature is the occurrence of group concepts. ‘The 
one kind, call it ‘statistical,’ is exemplified by, say 
‘average income’ and ‘export import ratio.’ ‘These 
can obviously be defined statistically in terms of 
psychological and environmental concepts. Such 
definability, whether statistical or otherwise, is at 
the moment not so obvious for the second kind 
This kind, call it ‘institutional,’ is exemplified by, 
say, ‘the Church’ and ‘the moral code of the Army.’ 
Yet I believe, as probably most philosophers in the 


empiri¢ ist tradition do, that there are only two 





alternatives. Either institutional are so 


vague that one may as well give up hope of ever 


concepts 


incorporating them into a worth-while science; o1 


they. too, will eventually be defined, or. if you 


please, operationally defined in terms of psycho- 


logical and environmental concepts. If I am not 


mistaken, the group sciences are only now, and not 


without Some resistance, absorbing this idea 6 
So the discipline of operationist thinking may still 


do them some GOK ve 


[1] 


Lhe philosophic nonsense somehow connected 
with some vague notion ol operationism 1S of two 
Inain varieties: the one, an instrumentalist misin- 
terpretation: the other, the so-called operational 
theory of meaning. The latter, too, has instrumen- 
talist affinities 

Instrumentalism stems from an exaggerated and 
subtly twisted emphasis on doing or manipulating. 
Practically, experimentation is indispensable in 
sclence, Just as We must act if we want to survive. 
In principle, however, and I put it strongly in 
order to make the point, if only we lived long 
enough and were patient enough, we could choose 
to remain spectators and wait until those situations 
that we in fact so ingeniously contrive occur, as one 
says, by chance. Logically, what matters is that they 
happen, not that we make them happen. This alone 
shows that the operationist footnote has no ten- 
dency whatsoever to give aid and comfort to the 
strange pseudoscientific subjectivism which wants 
us to believe that we somehow by our thoughts and 
actions make or determine what is in itself an in- 
determinate situation. I, for one, find myself in a 
world that is quite determinate, not at all of my 
making and, alas, quite often not to my liking. 

Bridgman’s well-known formula, “In general, we 
mean by any concept nothing more than a set of 
operations; the concept is synonymous with the 
corresponding set of operations,” is perhaps merely 
a scientist’s version of a so-called meaning criterion. 
So interpreted, it excludes from science terms not 
detined from a thing-language basic vocabulary. 


If, as the words would indicate, it excludes the 
terms of interpreted axiomatic calculi, then it. is 
unduly restrictive. If it is to include them, then the 
notion of an operation must, as I just observed, be 
stretched beyond all reason. But Bridgman’s for- 
mula could also be a scientist’s version of Wittgen- 
stein’s dictum that the meaning of a proposition is 


the method of its verification. So interpreted, it 


becomes a statement of the verification 
meaning. A so-called theory of mean; 
way, is not the same thing as a criterio: 
ing. A criterion says which terms have n 
theory says what meaning is. Perhaps a \ 
theory was what Bridgman had in mind 
know. His formula lends itself to still anot 
pretation. Taken literally, it identifies the me, 
of a concept not with its referent, but wit 
operations one must perform if one wants t 
the presence of this referent. So interpreted 
an instrumentalist variant of the standard refer 
theory. Unfortunately this third reading has 
the most influential. It is without doubt on 
major sources of all the nonsensical talk that 
for an operational theory of meaning. What se: 
attractive in it was probably the substitut 
something comfortably concrete, operations 
something suspiciously abstract, meaning 

Let me say one word in conclusion. Even 
discounts some meanings that are not difficu 
analyze, ‘meaning’ is still not a univocal tern 
no univocal or one-track theory will do. P! 
phers who adopt one must blunder som 
sooner or later. But this is not to say that al 
vocal theories are, like the operational on 
themselves clouds of confusion. They may 
think them do, 
meanings of meaning. This, however, i 


some of explicate imp 


story (7). 


References and Notes 


In this article, single quotation marks are 
close a word or expression that is mentioned, ! 
Double quotation marks indicate either e1 
direct quotation 

C. G. Hempel, Foundations of Concept | 
Empirical Science (Univ. of Chicago Press 
1952 

G. Bergmann, “Comments on Professor H 
concept of cognitive significance,” Proc. Ar 
Arts Sci. 80, 78 (1951); “Comments on Sto 
tion of ‘soluble, > Analysis 12, 44 (1951 

A. Pap, “Reduction sentences and oper 
Methodos 5, 3 (1953 

G. Bergmann, “Some comments on Carnap s 
induction,” Phil. Sct. 13, 71 (1946 

A contribution of this kind is made in H 
and A. Kaplan, Power and Society (Yal 
New Haven, Conn., 1950). See also my re\ 
book in Ethics 52, 64 (1951). For a syst 
cussion of these issues, including so-calle: 
see M. Brodbeck, “On the philosophy 
sciences,” Phil. Sci. 21, 140 (1954 

“Logical positivism, language, and the r 

of metaphysics,” Riv. Critica di Storia del 
$53 (1953) [reprinted in my book, The M« 
Logical Positivism (Longmans, Green, 
1954 


SPR 


‘ 


THE SCIENTIFIC 





Logical Appraisal of Operationism 


The author, who is professor of philosophy at 
at the College of the City of New 
University, 
Goettingen, Heidelberg, Berlin, and Vienna and has carried on 


Princeton 


CARL G. HEMPEL 


Yale University. has 
Columbia University, 


also taught 
York, Queens Colle Le, 
and Harvard University. Dr. Hempel was educated at 


research in 


Brussels and at the University of Chicago. He ts the author of Der Typusbegrift 


im Lichte der 


Neuen Logik 


and of Fundamentals of 


with Paul Oppenheim 


Concept Formation in Empirical Science 


preted 
PERATIONISM, in its fundamental tenets, 
soth 


€Tti- 


rd refer 


12 has closely akin to logical empiricism 


t one oft schools of thought have put much 


- that pas definite experienual meaning or im- 


‘hat see: necessary condition of objectively signif- 
stitution yt discourse, and both have made strong efforts 


rations explicit. criterions of experiential 


But logical empiricism has_ treated 


ig. hcance 


Even if periential characteristic of state- 
difficult : nts 
term. |} riment or observation 


lo. Phi 


somewher 


import as a 
namely, as their susceptibility to test by 
whereas operationism 

d to construe experiential meaning as a 
icteristic of concepts or of the terms represent- 


: namely, as their susceptibility to opera- 


iat all uw gig then 

al one | definition 

nay, a! Ba leas of operational analysis. An opera- 

efinition of a term is conceived as a rule 

effect that the term is to apply to a particular 
performance of specified operations in 

ise vields a certain characteristic result. For 
e, the term ‘harder than’ might be opera- 

\ defined by the rule that a piece of mineral, 

be called harder than another piece of 
if the operation of drawing a sharp 
tx across the surface of y results in a scratch 
the latter. Similarly, the different numeri- 
es of a quantity such as length are thought 
rationally definable by reference to the 
of specified measuring operations. ‘To 
he objectivity of science, all operations 
this kind of definition are required to be 
tive in the sense that different observers 
ible to perform “the same operation” with 
ble agreement in their results (/ 

\\. Bridgman, the originator of operational 
distinguishes several kinds of operation 
be invoked in specifying the meanings 

terms (2). The principal ones are (1 

lls instrumental operations—these con- 

ise of various devices of observation 
and (ii) paper-and-pencil op- 
rbal operations, mental experiments, 


ement 


‘e—this group is meant to include, 


things, the techniques of mathemati- 


cal and logical inference AS well as the use of CX- 
periments in imagination. For brevity, but also by 
way of suggesting a fundamental similarity among 
the pfocedures of the second kind, I shall refer to 
them as symbolic operations. 

The concepts of operation and of operational 
state the basic 


definition serve to 


operational analysis, of which the following are of 


principles of 


special importance. 

1) “Meanings are operational.” ‘Yo understand 
the meaning of a term, we must know the opera- 
tional criterions of its application (3), and every 
meaningful scientific term must therefore permit 
of an operational definition. Such definition may 
refer to certain symbolic operations and it always 
must ultimately make reference to some _ instru- 
mental operation (4 

2) To 


should be defined by means of one unique opera- 


avoid ambiguity, every scientific term 


tional criterion. Even when two diiferent opera- 


tional procedures (for instance, the optical and 
the tactual ways of measuring leneth) have been 
found to yield the same results, they still must be 
considered as defining different concepts (for ex- 


ample, optical and tactual length), and_ these 


should be distinguished terminologically because 
the presumed coincidence of the results is inferred 
from experimental evidence, and it is “not safe” 
to forget that the presumption may be shown to be 
spurious by new, and perhaps more precise, ex- 
perimental data (3 

3) The that 


have unambiguously specifiable operational mean- 


insistence scientific terms should 


ings serves to insure the possibility of an objective 


test for the hypotheses formulated by means of 
those terms (6). Hypotheses incapable of opera- 


tional test or, rather, questions involving untest- 
able formulations are rejected as meaningless: “If 
a specific question has meaning, it must be possible 
to find operations by which an answer may be 
civen to it. It will be found in many cases that the 
operations cannot exist, and the question there- 
fore has no meaning.”” (7 

meaning” in 


The emphasis on “operational 
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scientifically significant discourse has unquestion- of such kind that different investigators can 
ably afforded a salutary critique of certain types tain, by direct observation and with reason, 
of procedure in philosophy and in empirical sci- good agreement, whether, in a given case, the « 
ence and has provided a strong stimulus for conditions are realized and whether the charge 
methodological thinking. Yet, the central ideas of istic response does occur. 
operational analysis as stated by their proponents Thus, an operational definition of th 
are so vague that thev constitute not a theory con-  kind—one that. roughly speaking, refers to ins 
cerning the nature of scientific concepts but rather — mental operations only —will have to be cons 
a program for the development of such a theory. more broadly as introducing a term by the sti; 
(hey share this characteristic with the insistence — tion that it is to apply to all and only those, 
of logical empiricism that all significant scientific which, under specified observable conditions 
statements must have experiential import, that the — show a characteristic observable response R. 
latter consists in testability by suitable data of However, an operational definition canny 
direct observation, and that sentences which are conceived as specifying that the term in ques 
entirely incapable of any test must be ruled out as _ is to apply to a given case only if § and R act 
meaningless “pseudo hypotheses.” ‘These ideas, too, occur in that case. Physical bodies, for examp 
constitute not so much a thesis or a theory as a are asserted to have masses, temperatures, chars 
program for a theory that needs to be formulated and so on, even at times when these magnit 
and amplified in precise terms. are not being measured. Hence, an operat 

An attempt to develop an operationist theory of — definition of a concept—such as a property 
scientific concepts will have to deal with at least — relationship, for example—will have to bi 
two major issues: the problem of giving a more — stood as ascribing the concept to all those 
precise explication of the concept of operational that would exhibit the characteristic _respow 
definition; and the question whether operational if the test conditions should be realized. A 
definition in the explicated sense is indeed neces- cept thus characterized is clearly not “sy: 
sary for, and adequate to, the introduction of all mous with the corresponding set of operations” 
nonobservational terms in empirical science. [t constitutes not a manifest but a potential | 

[ wish to present here in brief outline some con- acter, namely, a disposition to exhibit a cer 
siderations that bear on these problems. The dis- characteristic response under specified test 
cussion will be limited to the descriptive, or extra- ditions. 
logical, vocabulary of empirical science and will But to attribute a disposition of this ki 
not deal, therefore, with Bridgman’s ideas on the case in which the specified test condition is nt 
status of logic and mathematics. realized (for example, to attribute solubility-1 

A broadened conception of operational definition water to a lump of sugar that is not actualls 
and of the program of operational analysis. The into water) is to make a generalization, and ths 
terms ‘operational meaning’ and ‘operational defi- involves an inductive risk. Thus, the applicav 
nition,’ as well as many of the pronouncements of an operationally defined term to an instan 


to be 


made in operationist writings, convey the sugges- the kind here considered would have 
tion that the criterions of application for any sci- judged “not safe” in precisely the same sens 
entific term must ultimately refer to the outcome which Bridgman insists it is “not safe” to ass 


of some specified type of manipulation of the sub- that two procedures of measurement thiat 
ject. matter under investigation. Such emphasis — yielded the same results in the past will cont! 
would evidently be overly restrictive. An opera- to do so in the future. It is now cleat 
tional definition gives experiential meaning to the if we were to reject any procedure that inv 
term it introduces because it enables us to decide an inductive risk, we would be_preve.ited 
on the applicability of that term to a given case by only from using more than one operational 
observing the response the case shows under specifi- terion in introducing a given term but also {1 
able test conditions. Whether these conditions can ever applying a disposition term to any cas 
be brought about at will by “instrumental opera- which the characteristic manifest conditions 
tions” or whether we have to wait for their occur- plication are not realized; thus, the use o! disp 
rence is of great interest for the practice of sci- tional concepts would, in effect, be pro! 
entific research, but it is inessential in securing A few remarks might be added here concer 
experiental import for the defined term: what mat- the noninstrumental operations counten. 1ce¢ 
ters for this latter purpose is simply that the rele- the introduction especially of theoretica 


ter 


COU 


vant test conditions and the requisite response be operationist writings, those symbolic | 
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haracterized so vaguely as to permit 
tion, by a suitable choice of ‘“‘verbal”’ 
operations, of virtually all those ideas 
ional analysis was to prohibit as de- 
ining. To meet this difficulty, Bridg- 
gested a distinction between “good” 
operations (9); but he has not pro- 
ear criterion for this distinction. Con- 
this idea fails to plug the hole in the 
dike. 
inciples of operationism are to admit the 
constructs of science but to rule out 
her kinds of terms as lacking experi- 
operational, meaning, then the vague 
rement of definability by reference to instru- 


ntal and “good” symbolic operations must be 


placed by a precise characterization of the kinds 


ventences that may be used to introduce, or 
iy the meanings of, ““meaningful’’ nonobserva- 

terms on the basis of the observational vo- 
dary of science. Such a characterization would 
nate the psychologistic notion of mental op- 
ons -n favor of a specification of the logico- 


thematical concepts and procedures to be per- 


| in the context of operational definition. 
e reference just made to the observational 
to the idea of 


abularv of science is essential 


ational definition; for it is in terms of this vo- 


bularv that the test conditions and the character- 


response specified in an operational definition 
described and by means of which, therefore, 
meanings of operationally defined terms are 


umately characterized. Hence, the intent of the 
ginal operationist insistence on intersubjective 
eatability of the defining operations will be re- 


ted if we require that the terms included in 
observational vocabulary must refer to at- 
tes (properties and relationships) that are di- 


and publicly observable—that is, whose 


resence or absence can be ascertained, under suit- 


tions, by direct observation, and with 


cond 


«i agreement among different observers (10 


then, a precise statement and elabora- 
he basic tenets of operationism require 
ition of the logical relationships between 
' and observational terms, just as a pre- 
ment and elaboration of the basic tenets 
sm require an explication of the logi- 
onships connecting theoretical sentences 
ition sentences describing potential data 
servation. 
‘tion of meaning by explicit definition 
.ction. Initially, it may appear plausible 
\at all theoretical terms used in science 
defined by means of the observational 


vocabulary. There are various reasons, however, to 
doubt this assumption. 

First of all, there exists a difficulty 
terms that 


concerning 
the definition of the scientific refer to 
dispositions—and, as is noted in a foregoing para- 
graph, all the terms introduced by operational 
definition have to be viewed as dispositional in 
character. Recent logical studies strongly suggest 
that dispositions can be defined by reference to 
manifest characteristics, such as those presented 
by the observational vocabulary, only with help 
of some ‘“‘nomological modality” such as the con- 
cept of nomological truth, that is, truth by virtue 
of general laws of nature (//). But a concept of 
this kind is presumably inadmissible under opera- 
tionist standards, since it is neither a directly ob- 
servable characteristic nor definable in terms of 
such characteristics. 

Another difficulty 
give full definitions, in terms of observables, for 


arises when we attempt to 


quantitative terms such as ‘length in centimeters,’ 


‘duration in seconds,’ degrees 
Celsius.’ Within scientific theory, each of these is 


value within 


‘temperature in 
allowed to assume any real-number 
a certain interval; and the question therefore 
arises whether each of the infinitely many permis- 
sible values, say of length, is capable of an opera- 
tional specification of meaning. It can be shown 
that it is impossible to characterize every one ot 
the permissible numerical values by some truth- 
functional combination of observable character- 
istics, since the existence of a threshold of discrimi- 
nation in all areas of observation allows for only 
a finite number of nonequivalent combinations of 
this kind (12). 
Difficulties such as 
whether it is not possible to conceive of methods 


these suggest the question 


more general and more flexible than definition for 
the introduction of scientific terms on the _ basis 
of the observational vocabulary. One such method 
has been developed in considerable detail by Car- 
nap. It makes use of so-called reduction sentences, 
which constitute a considerably generalized version 
of definition sentences and are especially well 
suited for a precise reformulation of the intent 
of operational definitions. As we noted earlier, an 
operational definition of the simplest kind stipu- 


lates that the concept it introduces, say C, is to 


apply to those and only those cases which, under 


specified test conditions S, show a certain charac- 
teristic In Carnap’s treatment, this 


stipulation is replaced by the sentence 


response R. 


Sx — > (Cx Rx (1) 


or, in words: If a case x satisfies the test condition 





then x is an instance of C if and only if « shows 
the response R. Formula 1. called a bilateral re- 
duction sentence, is not a full definition (which 
would have to be of the form ‘Cx cia WitaoGx 
constituting the definiendum : it specifies the 
meaning of ‘Cx, not tor all cases, but only tor 
those that satisty the condition S, In this sense, 
it constitutes only a partial, or conditional, defini- 
tion tor ¢ 13). If °S’ and ‘R’ belone to the ob- 
servational vocabulary of science, formula 1 sche- 
matizes the simplest type of operational definition, 
which invokes (almost) exclusively instrumental 
operations or, better, experiential findings. Oper- 
ational definitions that also utilize symbolic oper- 
ations would be represented by chains of reduction 
sentences containing logical or mathematical sym- 
bols. Some such symbols occur even in formula 1, 
however; and clearly, there can be no operational 
definition that makes use of no logical concepts 
at all 

Inte rpretative ystems. Once the idea of a par- 
tial specification of meaning is granted, it appears 
unnecessarily restrictive, however, to limit the sent- 
ences effecting such partial interpretation to reduc- 
tion sentences in Carnap’s sense. A partial speci- 
fication of the meanings of a set of nonobserva- 
tional terms might be expressed, more generally, 
by one or more sentences that connect those terms 
with the observational vocabulary but do not have 
the form of reduction sentences. And it seems 
well to countenance, for the same purpose, even 
stipulations expressed by sentences containing only 
nonobservational terms; for example, the stipula- 
tion that two theoretical terms are to be mutually 
exclusive may be regarded as a limitation and, in 
this sense, a partial specification of their meanings. 

Generally, then, a set of one or more theoretical 
terms, fi, to, ... , fm, might be introduced by any 
set AZ of sentences such that (i) MZ contains no 
extralogical terms other than ¢,, te... . . tp. and 
observation terms, (11) Af is logically consistent. 
and (iii) Af is not equivalent to a truth of formal 
logic. The last two of these conditions serve merely 
to exclude trivial extreme cases. A set M of this 
kind will be referred to briefly as an interpretative 
system, its elements as interpretative sentences. 

Explicit definitions and reduction sentences are 
special types of interpretative sentences, and so are 
the meaning pestulates recently suggested by 
Kemeny and Carnap (/4 

The interpretative sentences used in a given 
theory may be viewed simply as postulates of that 
theory (75), with all the observation terms. as well 
as the terms introduced by the interpretative sys- 
tem, being treated as primitives. Thus construed, 
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the specification of the meanings of nonoby 
tional terms in science resembles what has y, 
times been called the implicit definition 
primitives of an axiomatized theory by 
lates. In this latter procedure, the pri 

all uninterpreted, and the postulates the 
restrictions on any interpretation of the 

that is to turn the postulates into true 


Such restrictions may be viewed as partial sp 


cations of meaning. The use of interpretative ; 
tems as here envisaged has this distinctive yp: 
arity, however: the primitives include a 
terms—the observation terms—which ar 
cedently understood and thus not in need 0! 
interpretation, and by reference to  whict 
postulates effect a partial specification of mé 
for the remaining, nonobservational, primit 
This partial specification again consists in | 
ine those interpretations of the nonobservat 
terms that will render the postulates true. 
Implications for the idea of expertential 1 
ing and for the distinction of analytic and 
sentences in science. If the introduction of 
observational terms is conceived in this b: 
fashion, which appears to accord with the | 
of a formal reconstruction of the language o! 
pirical science, then it becomes pointless to as 
the operational definition or the experientia 
port of any one theoretical term. Explicit defn: 
by means of observables is no longer ger 
available, and experiential—or operational 
ing can be attributed only to the set of all th 
observational terms functioning in a given t 
Furthermore, there remains no satisfactory 2 
eral way of dividing all conceivable system 
theoretical terms into two classes: those tha 
scientifically significant and those that ar 
those that have experiential import and thos 
lack it. Rather, experiential, or operationa 
nificance appears as capable of gradations. | 
gin with one extreme possibility: the in 
tive system M introducing the given terms ! 
simply be a set of sentences in the form of ex} 
definitions that provide an observational ¢ 
lent for each of those terms. In this case, the 
introduced by M have maximal experientia! 
nificance, as it were. In another case, 
consist of reduction sentences for the 
terms; these will enable us to formulate 
of observables, a necessary and a (different 
cient condition of application for each 
troduced terms. Again M might conta 
in the form of definitions or reduction 
for only some of the nonobservational t 
troduces. And finally, none of the sente: 
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he form of a definition or of a reduc- 
and yet, a theory whose terms are 
duce an interpretative system of this kind 
sell permit of test by observational findings, 
n this sense, the system of its nonobserva- 
| terms may possess experiential import (/6 
is, experiential significance presents itself as 
ble of degrees, and any attempt to set up a 
notomy allowing only experientially meaningful 
{experientially meaningless concept systems ap- 
sas too crude to be adequate for a logical 
sis of scientific concepts and theories. 
ise of interpretative systems is a more in- 
method of introducing theoretical terms 
the method of meaning postulates developed 
Carnap and Kemeny. For although meaning 
sulates are e@onceived as analytic and, hence, as 
plving only analytic consequences, an interpreta- 
system may imply certain sentences that con- 
observation terms but no theoretical terms 
ire neither formal truths of logic nor analytic 
customary sense. Consider, for example, the 
wing two interpretative sentences, which form 
Camap calls a reduction pair, and which 
erpret ‘C” by means of observation predicates, 
SS ite. abe 
Siv—> (Rix — Gz) 7 | 


Sav > (tax —> —Ce) (2st 


nno case the sufficient conditions for C and 
can be satisfied jointly, the two 


that, for 


( (non-C 
ences imply the consequence (/7 
Cast. As 


Six. Fax: St. Kar). 3) 


tis, no case x exhibits the attributes §,, R,, So, 
Now, an assertion of this kind is not a 
formal logic, nor can it generally be 
wed as true solely by virtue of the meanings of 
constituent terms. Carnap therefore treats this 
onsequence of formulas 2.1 and 2.2 as empirical 


omtly 


h of 


Mii as expressing the factual content of the re- 


hiction pair from which it was derived. Occur- 
nces of this kind are by no means limited to re- 
ction sentences, and we see that in the use of 
ilerpretative systems, specification of meaning and 
tatement of empirical fact—two functions of 
“iguage often considered as completely distinct 
me so intimately bound up with each other 
serious doubt about the advisability o1 
possibility of preserving that distinction 
il reconstruction of science. This con- 
suggests that we dispense with the dis- 
' far maintained for expository pur- 
ween the interpretative sentences, in- 
\f, and the balance of the sentences con- 


stituting a scientific theory: we may simply con- 
ceive of the two sets of sentences as constituting 
one “interpreted theory.” 

The results obtained in this brief analysis of the 
operationist view of significant scientific concepts 
are closely analogous to those obtainable by a 
similar study of the logical empiricist view of sig- 
nificant scientific statements, or hypotheses (18). 
In the latter case, the original requirement of full 
verifiability or full falsifiability by experiental data 
has to give way to the more liberal demand for 


confirmability—that is, partial verifiability. ‘This 


demand can be shown to be properly applicable 


to entire theoretical systems rather than to in- 


dividual hypotheses—a point emphasized, in ef- 
fect, already by Pierre Duhem. Experiential sig- 
nificance is then seen to be a matter of degree, 
so that the originally intended sharp distinction 
meaningful and cognitively 


between cognitively 


meaningless hypotheses (or systems of such) has 


to be abandoned; and it even appears doubtful 
whether the distinction between analytic and syn- 
thetic sentences can be effectively maintained in 


a formal model of the language of empirical 


science, 
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different observers can, by means of direct observa- 
tion, arrive at a high degree of agreement on 
whether the term applies to a given situation. The 
expression ‘coincides with’ as applicable to instru- 
ment needles and marks on scales of instruments is 
an example of a term meeting this condition. That 
human beings are capable of developing observa- 
tional vocabularies that satisfy the given requirement 
is a fortunate circumstance: without it, science as 
an intersubjective enterprise would be impossible. 
To illustrate briefly, it seems reasonable, prima facie, 
to define ‘x is soluble in water’ by ‘if x is put in 
water then x dissolves.’ But if the phrase ‘if ; 
then... is here construed as the truth-functional, or 
“material,” conditional, then the objects qualified as 
soluble by the definition include, among others, all 
those things that are never put in water—no matter 
whether or not they are actually soluble in water. This 
consequence—one aspect of the “paradoxes of ma- 
terial implication’’—can be avoided only if the afore- 
mentioned definiens is construed in a more restrictive 
fashion. The idea suggests itself to construe ‘x is 
soluble in water’ as short for ‘by virtue of some gen- 
eral laws of nature, x dissolves if x is put in water,’ 
or briefly, ‘it is nomologically true that if x is put in 
water then x dissolves.’ The phrase ‘if... then... 
may now be understood in the truth-functional sense 
again. However, the acceptability of this analysis de- 
pends, of course, upon whether nomological truth 
can be considered as a sufficiently clear concept. For 
a fuller discussion of this problem complex, see espe- 
cially R. Carnap, “Testability and meaning,” Pail. 
Sct. 3 (1936) and 4 (1937) and N. Goodman, “The 
problem of counterfactual conditionals,”’ J. Phil. 44 
1947 
In other words, it is not possible to provide, for 
every theoretically permissible value 7 of the length 
I(x) of a rod x, a definition of the form 


[l(x) =r] =afC (Pix, Pox,..., Pnx 


where P;, Po,..., Pn are characteristics, 
and the definiens is an expression formed from ‘P,x’, 
‘Pox’,...,°Pnx’ with help of the connective words 
‘and,’ ‘or,’ and ‘not’ alone. 

It is worth noting, however, that if the logical 
constants allowed in the definiens include, in addi- 
tion to truth-functional connectives, also quantifiers 
and the identity sign, then a finite observational vo- 
cabulary may permit the explicit definition of a 
denumerable infinity of further terms. For instance, 
if ‘x spatially contains y’ and ‘y is an apple’ are in- 
cluded in the observational vocabulary, then it is 
possible to define the expressions ‘x contains 0 apples,’ 
‘x contains exactly 1 apple, ‘x contains exactly 2 
apples, and so forth, in a manner familiar from the 
Frege-Russell construction of arithmetic out of logic. 
Yet even if definitions of this type are countenanced 

and no doubt they are in accord with the intent of 
operationist analysis—-there remain serious obstacles 
for an operationist account of the totality of real 
numbers which are permitted as theoretical values 
of length, mass, and so forth. On this point, see C. G. 
Hempel, Fundamentals of Concept Formation in 
Empirical Science (Univ. of Chicago Press, Chicago, 
1952), sec. 7. Gustav Bergmann, in his contribution 
to the present symposium, deplores this argument 
although he agrees with its point--on the ground 
that it focuses attention on a characteristic shared by 
all quantitative concepts instead of bringing out the 
differences between, say, length and the psi-function 
He thinks this regrettable because, after all, as he 
puts it, “the real numbers are mercly a part of the 
logical apparatus; concept formation is a matter of 
the descriptive vocabulary.” I cannot accept the sug- 


observable 
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a reconsideration, 


gestion conveyed by this statement. To be ire, { 
theory of real numbers can be developed as 4 bry, 
or as an extension) of logic; however, my 
concerns not the definability of real numbers jn 
cal terms, but the possibility of formulating an 
servational equivalent for each of the infinitely y 
permissible real-number values of length, temp, 
ature, and so forth. And this is clearly a ques 
concerning the descriptive vocabulary rather ¢} 
merely the logical apparatus of empirical scienc 
quite agree with Bergmann, however, that it wo 
be of considerable interest to explicate whatever | 
cal differences may obtain between quantitative , 
cepts which, intuitively speaking, exhibit diffe 
degrees of theoretical abstractness, such as length , 
the one hand and the psi-function on the othe 
The use of reduction sentences circumvents on 
the difficulties encountered in the attempt to 
explicit and, thus, complete definitions of dispositio, 


terms: the conditional and biconditional signs , 
curring in formula | may be construed truth-fu 
tionally without giving rise to undesirable cons 


quences of the kind characterized in referenc: 
For details, see R. Carnap, ‘“Testability and mea; 
ing,” Phil. Sct. (1936-37), pt. II; also C. G. Hemp 
Fundamentals of Concept Formation in Empin 
Science, secs. 6 and 8. Incidentally, the use of no: 
ological concepts is not entirely avoided in Carnay 
procedure; the reduction sentence, that are pe 
mitted for the introduction of new terms are 1 
quired to satisfy certain conditions of logical or 
nomological validity. See R. Carnap, Phil. Sci. 3 a 
4 (1936-37), pp. 442-443. 
J. G. Kemeny, “Extension of the methods of indu 
tive logic,’ Philosophical Studies 3 (1952); R. ( 
nap, ‘Meaning postulates,” ibid. 3 (1952 
For the case of Carnap’s reduction sentences, t 
postulational interpretation was suggested to me | 
N. Goodman and by A. Church. 
This is illustrated by the following simple mode! cas 
The theory T consists of the sentence 
Cox) — Cx)’ and its logical consequences ; the thr 
“theoretical” terms occurring in it are introdu 
by the interpretative set M consisting of th: 
tences ‘O.x > (Cix.Cox)’ and ‘(Cix. Csx 
Oox v Oax where ‘O,,’ ‘O>2,’ ‘O;’ belong to t! 
observational vocabulary. As is readily seen, 7 pr 
mits, by virtue of M, the “prediction” that if 
object has the observable property O,; but lacks th 
observable property Oz, then it will have the obser 
able property O;. Thus 7" is susceptible to exper 
ential test, although M provides for none of its co 
stituent terms both a and a sufficier 
observational, or operational, criterion of appli 


(y ( 


necessary 


tion. 

Carnap calls it the representative sentence of th 
pair of formulas 2.1 and 2.2. See R. Carnaj 
Phil. Sci. 3 and 4 (1936-37), p. 444 and p. 45! 


Generally, when a term is introduced by several 1 
duction sentences representing different operatior 
criterions of application, then the agreement amo! 
the results of the corresponding procedures, w! 
must be presupposed if the reduction sentences at 
all to be compatible with one another, is expresse’ 
by the representative sentence associated with th 
given set of reduction sentences. The representativ’ 


1 
} 


sentence reflects, therefore, the inductive risk whic! 
as Bridgman has stressed, is incurred by using mm 
than one operational criterion for a given term 
C. G. Hempel, “Problems and changes in the 
piricist criterion of meaning,” Rev. intern, phil. 4 
(1951), and “The concept of cognitive significanc 
Proc. Am. Acad. Arts Sci. 8 
(1951): W. V. Quine, “Two dogmas of empiric! 
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Dr. Lindsay, who has been Hazard professor of physics at Brown University 


perationalism in Physics Reassessed 


R. B. LINDSAY 


since 


1936, was recently appointed dean o; the Graduate Se hool. He 1s also director 


of the Ultrasonics Laboratory. He served as chairman of the physics department 
from 1934 to 1954. Dr 
Massachusetts Institute of 


Lindsay recetved his training at Brown University and 


Technology, taking his Ph.D. in theoretical physics 


He was a fellow of the American-Scandinavian Foundation in Copenhagen in 


1922-23 


| is scarcely necessary to emphasize the impor- 

tant role that the operational idea, as suggested 

and developed by P. W. Bridgman, has played 
Bn physical methodology during the past quarter 
entury. A token of its lively character is the fact 
hat it can provide the background of a general 
kymposium for the reassessment of the place of 
operationalism in philosophy as well as in physics. 
Many physical methodological points of view-—for 
instance, Ostwald’s energetics—arise, produce in- 
terest and excitement, have their day, and then are 
duly embalmed and laid away in the limbo of for- 
votten things. But Bridgman’s ideas still challenge 
the attention of both scientists and scholars in 
many fields. 

Before embarking on another critique, it may be 
worth while to indulge in a brief review of the his- 
torical situation; even if incomplete, this will in 
iny event set the stage for the questions that I per- 
sonally desire to raise. 

Bridgman’s stress on the value of the operational 
point of view was first brought widely to public 
notice in his book The Logic of Modern Physics 
1927). His views were further developed in “A 
second reaction to Mengenlehre” 
Seripta Math. 2, 101, 224, (1934) ] and in the later 
book The Nature of Physical Theory (1936). He 
never claimed that the idea was original with him 
indeed, in his first introduction of the notion 
stressed the essentially operational character of Ein- 


physicist’s 


and, 


‘tein’s treatment of the concepts of space and time 
in the relativity of inertial systems. Actually vestiges 
of the point of view, naturally not usually presented 
in the language Bridgman prefers to employ, may 
be found scattered throughout earlier literature on 
physical theorizing, as for instance in Galileo’s Two 
Veu recall his attempt to describe to his 
skeptical contemporaries the meaning and value of 


Sciences 


the concept of variable instantaneous velocity-—or, 
(0 mention only two other examples, in the writings 
of Helmholtz on non-Euclidean geometry and those 
Oo! \. K. Clifford on the concepts of space and 
time 
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and then taught physics at Yale University until 1930 


In essence what Bridgman was driving at can 


best be described in his own words. taken from a 


relatively recent publication / 


bac k of ill 
know 


fundamental idea operational 


The 


analysis is . the meaning 


that we do not 
of a concept unless we can specify the operations 
which were used by us or our neighbor in apply 


ing the concept in any concrete situation 


It should at once be remarked that the author of 
this statement apparently at no time ever contem- 
plated the foundation of a new philosophy of phys- 
ics to be called operationalism. Actually he has 
shied away from this term and has preferred to 
“operational analysis” 


speak and write merely of 
or the operational point of view. When, however 
one stresses with such emphasis a methodological 
technique of this kind, one must expect that it will 
gain attention, and Bridgman’s views certainly have 
achieved this! It was probably inevitable that they 
would also suffer misinterpretation. In his anxiety 
to stress the operational technique as the only sure 
wav of avoiding inconsistencies and contradictions 
in the use of physical concepts, it was perhaps natu- 
ral to overstress the significance of actual physical 
operations in the laboratory. Many were misled 
into thinking that these were the only operations 
that Bridgman wished to tolerate and some cri 
tiques followed. At least one of these played devil’s 
advocate in such thoroughgoing fashion that Bridg- 
man wrote a reply |“Operational analysis,” Philoso- 
phy of Science 3, 114 (1938) ] in which he cleared 
up doubtful points by explicitly including “paper- 
and-pencil” operations to cover many of the con- 
cepts constructed in the building of physical theo- 
ries. He that the theory builder 


should be allowed all the latitude he wishes in these 


also conceded 


“intermediate constructions,” provided only that 
“the ultimate outcome of the theory be expressible 
in terms of operations applicable in the concrete 
situation.” [| assume we may take this to mean that 
if pursued with logical con- 


that 


physical theorizing 


sistency) 1s free of all restrictions save only 








ultimately the results must be identifiable with 
laboratory operations and testable through their 
agreement or disagreement with the latter. 

No theoretical physicist could, I believe, disagree 
with the foregoing interpretation of physical oper- 
ationalism. One would have therefore supposed 
that the whole question might be considered closed, 
so far as physics is concerned. This was my view 
at that time (1938). It was therefore with great 
interest and not a little surprise that I studied the 
more recently published collection of papers The 
Nature of Some of Our Physical Concepts (Philo- 
sophical Library, New York, 1952), which were 
originally presented by Bridgman as lectures at Uni- 
versity College in the University of London in 1950. 
Here the operational idea is applied in fascinating 
fashion to such concepts as field, action at a dis- 
tance, heat, and entropy. Once more the distinction 


‘ 


between “paper-and-pencil” and “instrumental” 
operations is clearly brought out, and the allow- 
ability of both kinds is admitted. But, as I read the 
discussion, there emerged a question that somehow 
the papers did not settle in my mind: How much 
latitude will Bridgman allow to the “free construc- 
tion” of concepts? Although it is always a bit dan- 
gerous to quote out of context, the passage that 
particularly concerned me is this: 

It will be seen that a very great latitude is al- 
lowed to the verbal and the paper-and-pencil opera- 
tion. [ think, however, that physicists are agreed 
in imposing one restriction on the freedom of such 
operations, namely, that such operations must be 
capable of eventually, although perhaps indirectly, 
making connection with instrumental operations. 

I do not know how to interpret this in any other 
way than that the author believes that ultimately 
the concepts and postulates of every successful 
physical theory shall be instrumentally verifiable. 
Admittedly the phrase “although perhaps _indi- 
rectly” needs clarification. This then sets up the 
question I wish to ask Bridgman. Here lies actually 
the principal purpose of the present paper. 

At this point perhaps it may be well to review 
briefly my own conception of physical explanation, 
which, so far as I know, is that of most theoretical 
physicists, although each man’s phrasing is his own 
and there are always differences in emphasis at 
various points. Physical explanation ultimately is 
essentially deductive in character, consisting of 
theories whose aim is to predict the physical laws 
that describe physical experience. A physical theory 
starts with primitive, undefined concepts, such as 
the notions of space and time. It proceeds to the 
construction of more precisely defined constructs, 
for instance, mass and force in mechanics, into 
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whose definition there enter both epistemic (opp, 
tional) and constitutive (theoretical) characte. 
tics. These aspects of the definition of physical ¢.), 
structs have been rather fully set forth by Hey, 
Margenau (2) and will not be further elaborate; 
at this point. The next step is the postulation . 
relationships connecting the constructs (for ex, 
ple, the principles of mechanics, like F = ma), \, 
in order are logical deductions by appropria 
mathematical manipulation of relationships amo, 
quantities all of which have sufficient epistemic sy 
nificance to be measurable in the laboratory 

these relationships are sufficiently general in cha 
acter, they are called physical laws (for examp 
that 
they are supposed to describe adequately routin 


the law for freely falling bodies s = /% gt?) ; 
or patterns of physical experience. The final stag 
is the laboratory test of the law and its verificati 
or refutation. 

Clearly the operational viewpoint enters signi 
cantly on the instrumental level into two steps 
the logical scheme just set forth: (i) in the defini. 
tion of appropriate and useful instrumental ¢ 
structs for describing physical experience, and 
in the laboratory testing of the consequences of ¢! 
postulates of the theory expressed in terms of rel 
tionships connecting such constructs. The oper 
tional viewpoint enters on the ‘“‘paper-and-penci 
level in the introduction of theoretical construct 
as, for example, the velocity of any particular sing! 
molecule in kinetic theory, or the velocity of a sin- 
gle electron in atomic theory, or the state functio: 

y function) in quantum mechanics. It also enten 
in the postulates or hypotheses of the theory whic! 
though often suggested by experience, are essen: 
tially and in the last analysis free creations of t! 
human mind. 

It is just at this point that I should like to raise; 
question. Does the thoroughgoing operationalist 
dislike this term just as much as Bridgman does but 
see no simple alternative to its use in this context 
require that before a physical theory can be con: 
sidered a really satisfactory expianation of phys: 
cal experience, instrumental interpretation or vall- 
dation must be given to every element in th 
theory? 

It seems to me that the whole history of physics 
exhibits the impracticability of this demand. If w: 
examine critically the postulates of what are now 
called the classical physical theories, we find that 
even though the inventors may have wished to bas 
their hypotheses more or less directly on experienc: 
and at times may indeed have thought that the 
were doing so, there nevertheless inheres an ideal 
element in all these postulates, not accessible to ex- 
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t except through the special cases that re- 
ogical deductions of the general principles. 



















sult a 
| Conf | Gippose we all admit that Galileo took a common- 
len seiiai pproach to the problem of motion. At least 
Tated™ + seems common sense to us today, although it did 
5 not seem so to most of his contemporaries. Yet his 
Xa boldness in constructing out of his head the con- 
Ne cepts of instantancous velocity and acceleration, 
ria and showing that certain simple assumptions con- 
NON nected with them lead by direet mathematical de- 
‘i duction to the observed laws of falling bodies, jus- 
’. I'M tifies his position as the creator of theoretical 
har physics. In more recent times physicists have not 
ip hesitated to call on their creative imagination for 
UM constructs like, say, Planck’s quantum of action 
OM that have no direct connection with experience but 
age whose unifying influence on large domains of phys- 
10 ical phenomena has been considered ample justifi- 

cation for their postulation. 
- Now possibly this procedure of free imaginative 

construction has not been good physical method- 
Tl ology, but most physicists admit that it has worked 





pretty well, and the fact that the concepts have in 
most cases been of the paper-and-pencil variety has 






not prevented their successful employment. In this 
process there has admittedly been little assurance 
of the association of truth in the philosophic sense 
with physical concepts and postulates, but I think 
physicists have learned to eschew this rather illusive 
goal in favor of the more pragmatic one of success 
in subsuming large areas of experience and in pre- 
dicting hitherto unobserved phenomena. But we 
should not forget that there are other criterions of 
the value of physical theories not to be despised, 
among them, for example, simplicity of formula- 
tion, esthetic appeal, and teachability to others. 
[hese have been sufficiently stressed elsewhere to 















need no further elaboration here. 

| am puzzled by the phrase “although perhaps 
indirectly” in the quotation I just made from 
Bridgman. Perhaps this is the nub of my difficulty. 
lf indeed by indirect connection of the postulates 
with experience one means simply that their logi- 








cally deduced consequences can be instrumentally 
verified, then there is no problem; but somehow I 
tind it hard to believe that this is what Bridgman 
means, since in a later part of the same paper he 
takes some pains to analyze and compare the action- 







at-a-distance (particle) and the field constructs 
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from the standpoint of their instrumental connota- 
tions. Concerning himself with the rather well- 
known fact that both constructs can be made to 
lead to similar consequences in problems in me- 
chanics and electric ity, he reaches the conclusion 
that “there is no way by which the desired distinc- 
tion between action at a distance and action by a 
field can be given instrumental significance.” | 
cannot imagine that he would have devoted so 
much time to this discussion had he not attached 
significance to the desirable possibility of distin- 
guishing between the two theoretical points of 
view by direct instrumental means. The inability to 
produce this distinction does not make me so un- 
happy as it apparently does the holder of the thor- 
oughgoing operational point of view, since it seems 
to me that in the development of physics we must 
be constantly on the watch for different constructs 
and postulational systems. In fact, the continual 
creation of physical experience that is going on in 
physical laboratories renders this imperative, it 
the job of physical explanation is to keep pace with 
physical discovery. 

One wonders whether the desire of the opera- 
tionalist to subject the postulational structure of 
physical theories to direct instrumental test may 
reflect a conscious or unconscious feeling on his 
part that there exists some ultimately valid and 
verified explanation of all physical experience or, 
to put it in words often used, although to me they 
are meaningless, that there exists an ultimately true 
representation of reality? Probably I am an incor- 
rigible conventionalist, but to me this viewpoint is 
illusory and has little to do with the success of 
physics as a science. If it really helped us forward 
in the search for better explanations, as a prag- 
matist I should not hesitate to endorse it enthusi- 
astically. Unfortunately I can find no warrant for 
this belief. To me the future of physical theory lies 
in the bold use of imagination. No one knows 
whence the successful ideas will come, but no one 
can reasonably doubt that they w7// come in the 
future as they have in the past. 
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Remarks on the Present State of Operationalism> 


Dr. Bridgman, who recently retired as professor of physics at Harvard I ersit 
is author of an article entitled “Science and common sense” that appeared in th, Hor 


HERE would seem to be no reason why I 

am better fitted than anyone else to open 

this discussion. As I listened to the papers I 
felt that I have only a historical connection with 
this thing called “operationalism.” In short, I feel 
that I have created a Frankenstein, which has cer- 
tainly got away from me. | abhor the word opera- 
tionalism or operationism, which seems to imply a 
dogma, or at least a thesis of some kind. The thing 
| have envisaged is too simple to be dignified by so 
pretentious a name; rather, it is an attitude or 
point of view generated by continued practice of 
operational analysis. So far as any dogma is in- 
volved here at all, it is merely the conviction that 
it is better, because it takes us further, to analyze 
into doings or happenings rather than into objects 
or entities. 

What I conceive to be involved here may be a 
little clearer if the historical background is under- 
stood, and I hope you will pardon me if I interject 
some personal remarks. The date usually associated 
with this is 1927, the year of the publication of my 
book The Logic of Modern Physics, but prepara- 
tion for this in my own thinking went back at least 
to 1914, when the task of giving two advanced 
courses in electrodynamics was suddenly thrust 
upon me. Included in these courses was material 
from the restricted theory of relativity. The under- 
this 
seemed very obscure to me and caused me much 


lying conceptual situation in whole area 


intellectual distress, which I tried to alleviate as 
best I 
situation in dimensional analysis, which at that 


could. Another cause of distress was the 
time was often so expounded as to raise doubt 
whether experimental work was really necessary at 
all. The dimensional situation proved compara- 
tively simple, and I was able to think the situation 
through to own satisfaction—an experience 
that perceptibly increased my intellectual morale. 
The analysis, which was essentially operational, 


my 


although the word was not used, was published in 
1922 (Dimensional Analysis, Yale Univ. Press). I 
think the word operation was first explicitly used 
in a discussion that I gave at the Boston meeting 
of the AAAS in 1923 at a symposium on relativity 
theory participated in by George Birkhoff, Harlow 
Shapley, and myself. 
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P. W. BRIDGMAN -_ 


July issue of The Scientific Monthly. Bake 
The Logic of Modern Physics was written du. Bd 
ing a half sabbatical in 1926 under a stringent tiny Hh) 
limit, for I knew that at the end of September my Ris att 
laboratory would reabsorb me. In view of this tine JE If 01 
limit, | had to map out the questions that to ne f& thin! 


appeared most pressing and to be satisified wit} quire 


discussions of which I could say “at least this much Keon 

must be true and be part of the final picture,” and JRendeav’ 
not attempt the more ambitious program of a cor one 

plete analysis. In short, I was compelled to be satis. tional : 
fied with a “necessary” as opposed to a “sufficient” JRwhere s 
analysis. A great many interesting and important JJo! rece 
leads had to be left unexplored: for example, an Fffiring « 
analysis of what it is that makes an operation suit- Jose th 


able for the formulation of a scientific concept 
again, in what terms can operations be specified 
It has, in fact, been a surprise to me that, since t point 
publication of my book, so much of the conce: 
of others has been with abstract methodologic: has ere 
questions suggested by the endeavor to erect some JF mous 
] 


aoes, | 


sort of a philosophic system rather than with at- 
tempts to follow the more concrete and obvi pendet 
leads. ompli 

Since writing the book, I have never again bee 1 OD) 
able to devote as sustained attention to this fie ompl 
but have had to content myself with shorter excur- J never 
sions, resulting in a number of articles and a coupli n ph 
of thin books. But at the same time, with the con- 
tinued practice of operational analysis. my idea J lhe t 
have been changing and growing and gaining 1! 
generality. If I were to start today to expound n luced 
attitude systematically, the order of presentatio1 
would be different. The general points of vi je 


would be presented earlier in the treatment, wit 
I think, avoidance of much confusion. It is ofte! 
thought that there is a normative aspect to “opera- FE per 
tionalism,” which is understood as the dogma that 
definitions should be formulated in terms of opera- 
tions. As I see it, there is in the general point 0! For 
view nothing normative whatever. An operational 
analysis is always possible, that is, an analysis int 
what was done or what happened. An operational 
analysis can be given of the most obscurely meta- 
physical definition, such as Newton’s definition 0! 
absolute time as that which flows by itself uni nul 
formly and equably. What is more, any perso! 
can make an operational analysis, whether or not 
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s what he supposes to be the thesis of 
operat ialism.”’? and whether or he thinks 
» js wasting his time in so doing. So far as the 
‘yperationalist” 1s to be distinguished from the 
rationalist.” it is in the conviction of the 
that it is often profitable and clarifying to 


» acct 


not 


‘nonop 
orme! 
sake an operational analysis, and also, I suspect. in 
1is private feeling that often the “nonoperational- 
Bt” does 


hrough fear that it might result in a change in 


not want to make an operational analysis 


is attitude. 

If one has consistently used operational analysis, 
) think one’s general point of view comes to ac- 
quire a certain flavor and certain considerations 
ome to be emphasized in his thinking; these I shall 
fendeavor to characterize briefly. In the first place, 
one is impressed by the observation that opera- 


ftional analysis can always be pushed to the point 


where sharpness disappears. The “yes or no” signal 
of recent information theory, the “all or none” 
firing of a neurone of the physiologist, and so on, 
lose their sharpness when considered as processes 


occurring in time, and the operations of logic lose 
their sharpness when the analysis is pushed to the 
point of self-doubt. Again, one is impressed by the 
complexity of the verbal structure that mankind 
has erected through the ages. Here is an autono- 
mous world in which a man can, and frequently 
does, live a more or less self-contained and inde- 
pendent existence. On the other hand, despite the 
complexity of the verbal world, the external world 
of objects and happenings is inconceivably more 
complex—so complex that all aspects of it can 
never be reproduced by any verbal structure. Even 
in physics this is not sufficiently appreciated, as 1s 
shown, for example, by the reification of energy. 
lhe totality of situations covered by various aspects 
of the energy concept is too complex to be repro- 
duced by any simple verbal device. As a corollary 
of the continued interplay of the verbal and the 
“objective” worlds, I personally have come to feel 
the value of analyzing our operations as far as pos- 
‘ible into their “instrumental” and “paper-and- 
i’ components and think there is much here 
that is still unexplored. I think there is much to 
he done in nonscientific fields along these lines. 
For instance, I anticipate that many of the opera- 
tons of philosophy will be found to be essentially 


pene 


verbal and incapable of being made to emerge into 


the instrumental world. I believe that revolution- 
iy results will follow a full realization of the in- 
escapability and immanence of the element ot 
human enterprise. 


lurning now to a consideration of a couple of 


the points raised by the preceding papers, I am not 
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particularly disturbed by the fact that it is some- 
times difficult to fit the 
“operationalism” into a logically complete and 
satisfactory scheme. Part of this failure I think 


apparent demands of 


arises from misconception of what is involved; but 
in any event, as I have already intimated, I would 
expect that the analysis could be pushed so fat 
that it would become unsatisfactory logically. ‘Vhat 
this should be possible appears to me to be fully 
as much a commentary on the nature of logic as 
on the nature of At 
time, I fully agree with Hempel that there is much 


“operationalism.” the same 
unnecessary Vag2@ueness in such matters, as for ex- 
ample, in the answer to the question of what it is 
that makes an operation “good” for the purposes 
of the scientist. There is certainly much room fo1 
improvement here, and [ think the improvement 
will be naturally forthcoming when the operational 
point of view has reached a higher state of de- 
velopment than at present. 

With regard to Lindsay’s question concerning 
my meaning in saying that it is desirable that the 
paper-and-pencil operations of the theorist be 
capable of eventual contact, although perhaps in- 
directly, with instrumental operations, I shall an- 
swer by giving two examples. The first is concerned 
with the stress at any interior point of a solid body 
exposed to external forces. This stress is a complex 
of six components, constructed by the theoretical 
physicist and incapable of measurement by any 
instrument, if for no other reason than that the 
interior points of a solid body are inaccessible. 
However, the stress is connected through the equa- 
tions of elasticity theory with the forces acting 
upon the free faces, and these forces have imme- 
diate instrumental significance. Here, what I meant 
the 
Again, the psi 


by an “indirect” connection is connection 
through the equations of elasticity 
function of wave mechanics, defined as a_prob- 
ability amplitude, is at first a pure construction 
of the theoretical physicist, but again it makes con- 
nection through mathematical operations, in this 
the 


which does have instru- 


case operations ot integration. with mean 
density of electric charge. 
mental significance. 

With regard to my concern to show that there 
can be no instrumental distinction between action 
at a distance and action through a field, I did not 
feel badly about the discovery, as Lindsay inferred 
from my. I fear. obscure exposition. On the con- 
trary, I felt much pleased with myself, becauss 
my reading of scientific literature had led me to 
suppose that most physic ists assume that there is 
some essential “physical” difference between these 


two points of view. In showing that this distinc- 








tion is on the “paper-and-pencil” level, I thought 
that I was really saying something. In general, I 
think that there need be no qualms that the opera- 
tional point of view will ever place the slightest 
restriction on the freedom of the theoretical physi- 


cist to explore the consequences of any free ment; 
construction that he is ingenious enough to mak, 
[t must be remembered that the operational poin, 
of view suggested itself from observation o 


phys 
cists in action. 
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HESE remarks are concerned specifically 

with R. B. Lindsay’s present paper on 

“Operationalism in physics reassessed” and 
more generally with P. W. Bridgman’s 1950 lec- 
tures on the “Nature of some of our physical con- 
cepts. 

As a fellow-student of Henry Margenau in a 
Yale class under Lindsay, I learned long ago to 
appreciate the economic clarification of physical 
concepts revealed by the positivist’s (Mach, /) 
point of view. At the same time, however, I was 
introduced to the creative value of the convention- 
alist’s (Poincaré, 2) outlook. The customary inter- 
play, however, of irreducible data and of thought- 
ful theory is itself a third factor that must not be 
ignored. Without some heuristic presuppositions I 
find that consistent operationalism is not pregnant 
theoretically, and without some faithful generaliza- 
tions I find that thoroughgoing operationalism is 
not satisfactory intellectually. For me it has prima- 
rily pragmatic, but necessarily incomplete, values. 
As Planck (3) has emphasized, the laws of nature 
are not solely the inventions of man. In man’s 
formulation of them, however, there is always 
something of himself; man’s imprint is upon na- 
but nature is there first. 

The day before Christmas my little girl asked, 
“Daddy, do you believe in Santa Claus?” Restless 


ture 


the Christmas Eve sleep of a Scrooge who does 
not believe in Santa Claus! As we grow older a 
more meaningful question emerges: “What do you 
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believe about Santa Claus, that jovial spirit o/ 
Christmas?” So, too, one may start initially wit! 
the immature question: “Do you believe in th 
operational point of view in physics? in opera. 
tionalism, in general?” Inevitably, one is forced 
later to consider more precisely what one dors 
believe. Granted that the final statements of phys- 
ical theory must be operational in character i: 
order that they may be checked with natural phe- 
nomena, what about the initial axioms? Can first 
principles, indeed, conceivably be operational, sa\ 
the inertial principle of classical mechanics or thi 
state y functions of quantum mechanics? Then, to 
what about intermediate statements? 
step of a deductive approach itself be term-wis 
operational? If not, where does one draw the lin 
between theoretical statements that are operational 
and those that are not? If there is a criterion, must 
it, too, be operational? It seems to me that no! 
every operational statement is necessarily meaning- 
ful and that not every nonoperational statement | 
necessarily meaningless. For example, a conceptio! 
like a chimera, may have operational components 
but no composite meaning. 

We have been socially urged to speak “the trut! 
the whole truth, and nothing but the truth.’ A 
scientific statement, however, may be true to ce! 
but 
example, someone remarks, “He was a lion in th 


tain observed facts, not true to others. f« 


fight.” Is this statement true? As far as a certall 
quality describing participation in the fight is con 


THE SCIENTIFIC MONTHL‘ 


Must each 





vould 
At th 
ipl 0 
irb Cl 
1pon Ct 
Wnsurin: 


mento! 
ciple) 


pre SS1O 


though 


Oct 


ental 
make 
point 


Dhyyj. 


s! Yet no one is so misled by the meta- 
) picture a real lion in the ring. On the 
ontrary. progress in science has often been facili- 
ied by the use of an analogy. For example, de- 
ieral acceptance of the kinetic theory of 
physicists still find the concept of a me- 
| continuum useful in describing the phys- 
erties of fluids. In the case of analogy we 


form Grecian monsters, like all-seeing 


t med 


yh yy als 


is, to emphasize certain characteristics. In this 
espect the image is true to certain aspects, but it 
loess not portray nothing but the truth. Herein 
es the danger! We may take our picture too 
we may persuade ourselves that the 
A critical operational viewpoint 


eriously 
vhole is. true. 
sould rightly prevent any such false impressions. 

\t the same time, however, by its minimal prin- 
iple of economy, dogmatic operationalism may 

ib enthusiastic creativity. It places a premium 
ipon economic description (Kirchhoff, 4) without 
insuring imaginative prediction (Hertz, 5), not to 
nention esthetic values. The former favors a com- 
leted theory; the latter, an evolving one. In the 
incipient stages of development, adequacy of ex- 
pression may be more important than economy of 
thought. You ask me: “What is x?” Usually, | 
reply: “It is like this—but it is not exactly this.” 
“It is like that—but it is not precisely that.” (In 
this connection, recall the early interpretations of 
he unknown x-rays.) Simplicity as the primary cri- 
erion for systematizing data may be misleading if 
the data are incomplete. A classical example of this 
reactionary spirit is Mach’s own antipathy to atom- 
ism with its sterile outcome. 

There is no a priori reason, moreover, for expect- 
ing that the best form of descriptive theory can 
simultaneously provide predictability. For example, 
the esthetic appearance of a completed building 
uiay no longer reveal the crude outline of a simple 
scaffolding used in the construction. Thus, the sim- 
iple theory of the Bohr atom might have been 
tnissed if one had to formulate first the more elab- 


porate theory of quantum mechanics to comprehend 


not only the Balmer spectral lines but also multiplet 


and hyperfine structure, the Zeeman and the Stark 
effects. Too many details may fog the main out- 
line. The finalistic operational world-view, indeed, 
may not be the best possible theoretical world in 
the making. A less logical picture, or even several 
possible world-constructs may be more heuristically 
valuable. 

One further 
with 
that the developing world-picture, which we find 


note of caution about dogmatism 


respect te operationalism! It is conceivable 
to be increasingly true to observed data and believe 


to be made somewhat in our own intellectual 


image, may be real (in the everyday usage of that 
word). However arbitrary the description by an 
observer who cannot be completely detached from 
a phenomenon, there is an ever-growing body of 
physical measurements that can be reproduced in- 


dependently of any one observer. We become more 


understandingly aware of the workings of a world 


outside ourselves, even though we may never attain 

direct and complete understanding of it. The rela- 
tivism of our views may only distort an abosolute 

object. Science, I believe, is more than a grinning 
mocking) Cheshire cat. 

My underlining of Lindsay’s chief criticism of 
thoroughgoing operationalism is best summed up, 
I believe, in the concluding statement 
ol Max Born (6): 
tuition are decisive factors in the progress of sci- 


appendix 
“Faith, imagination, and in- 


ence as in any other human activity.” We must go 
beyond operationalism! At the same time, how- 
ever, despite Lindsay’s own preference, I personally 
hope that we can go beyond conventionalism! 
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Operationism and Relativity 


ADOLF GRUNBAUM 
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GAIN and again P. 
us that the restricted theory of relativity 
the foundation and the in- 


spiration of his espousal of the operational point of 


W. Bridgman has told 


was at once 
view (7), 
by other authors seem not to have contested Bridg- 


Since earlier critiques of operationism 


man’s invocation of relativity theory, [ wish to 
explain here (i) why I cannot accept his philo- 
sophic interpretation of the restricted theory of 
relativity, and (ii) why I maintain that he is not 
entitled to rely on Einstein’s analysis of space and 
time for support of his views. 

Before considering relativity, it is necessary to 
articulate operationism in terms of distinctions 
that are familiar from the general theory of signs. 
Students of that it 
valid and important to distinguish between prag- 
matics and semantics when giving an account of an 


semiotic have found is both 


interpreted system of signs such as physical theory. 
It is admittedly illuminating to study psycholog- 
ically, sociologically, and otherwise the activities 
of scientists in their pursuit of science and to in- 
vestigate the relationships between scientific sym- 
bols and their human users. Studies of this kind 
constitute the field of pragmatics. But, from the 
standpoint of the logic of physics, our concern must 
be not with pragmatics but rather with the rela- 
tionships between physical theory on the one hand 
and the designata or denotata of that theory in the 
realm of nature on the other. In this sense then, the 
logic of physics is the semantics of physical theory. 
Now, it seems to me that, fundamentally, Bridg- 
man’s thesis is that the distinction between prag- 
matics and semantics is illegitimate and unfounded, 
semantics being properly a mere part of pragmatics 


For he writes (2): 


meaning of 
that is, 
communications, 


What is the criterion that the 
a term in isolation is known? Here again 
the of effective 


a whole! the criterion can be formulated 


now 


just as in case 
taken as 
in terms of action. If | know what it was that my 
fellow did to decide to use the term, or if my fellow 
can I did 


in deciding to use the term, then, I think we must 


reconstruct for himself what it was that 
say that the meaning of the term in that particular 


. 4 We ow oe 


fication of meanings, both of isolated terms and of 


usage 1s fixed therefore, that a speci 
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that appeared in the July issue. 


communication in toto, involves a specifica 


action of some sort 


No one will wish to deny 
activities of scientists should comprise their \ 
as well as thei 


behavior in the laboratory 


that a study ot t 


with mathematical and linguistic symbols. But } 


objects that physics talks about are neithe: 


manual nor the conceptual activities of physicis 


instead, physics is concerned with the postulatio; 


and observational ascertainment of the attriby 
and relationships that characterize various ki 
of physical entities and processes. These latter : 


tities and processes are the objects or designata 


both classical and quantum physics. For, as {{ 


Reichenbach has justly pointed out (3) : 


Like all other parts of physics, quantum mec! 
ics deals with nothing but relations between phy 
ical things; all its statements can be made wit! 
reference to an observer. The disturbance by 
means of observation—which is certainly one of 
basic facts asserted in quantum mechanics-~is 
entirely physical affair which does not includ 
reference to effects emanating from human bei 
p. 15 
urement disturbs, not because it is 


as observers. ... The instrument of mi 


instrum 


used by human observers, but because it is a ph 


an 


ical thing like all other physical things [p 


Accordingly, I do not see how Bridgman can es 
the charge that he is gratuitously absorbing sen 


tics within pragmatics. Once we recogniz 


ever, that he regards this absorption as fully jus 


fied, we can readily understand why 


follows (4): 


Ihe of 
any analysis of concepts seems to me to be a sim] 
ot 
argument. It is doubtless more usual to attempt 


presence an operational component 


result observation and not to be a matt 


analysis in terms of objects of the external 
elements of ot! 
what | 


terms of tixed and _ static 
But ask 
I say that objects exist, or that there is an ext: 


or in 


sorts when I myself mean \ 


world, the only answer that I can give is in ¢ 


of activities of One sort or another. 


Furthermore, we can now see why he is led to ¢ 
a psychologistic account of the logical nerve o! 
ductive inference, an account that implicitly det 
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Frege’s distinction between the context of justifi- 
id the context of discovery (5). And it is 
therele not at all surprising that Bridgman’s 
lysis of the restricted theory of relativity will 
the defects of his thesis with particulan 


as I shall now endeavor to show. 





cation 



























™ (he following are the results of the relativistic 
space-time analysis pertaining to the issue before 
s: any two physical events, whether we happen 
es « observe them or not, sustain the objective tem- 
wral relationship of “later” or “earlier,” if it is 
of physically possible that they be the termini of a 
Work causal influence chain. I deliberately do not speak 
r Worf of connectibility via signal transmission, since such 
ut tifa formulation may suggest misleadingly that essen- 
er tial reference is made to some human dispatcher 
siciff& of the signal who wishes to use the signal as a 
ition means of communication with other human beings. 
ribu Mehlberg, Zilsel, and Denbigh have demon- 
kind strated convincingly (6) that this causal theory ot 
er | time does not succeed in providing a criterion for 
atadM— the unidirectionality of time, but I have shown 
as Hf elsewhere (6) that the required criterion does not 
nvolve recourse to man’s subjective sense of time- 
) direction or to human activities, as Bridgman 
% laims (6) 
lhe relevant crucial difference between the 
‘| Newtonian and relativistic accounts of time derives 
t from the following fact: although pre-Einstein 
physics had postulated the existence of arbitrarily 
fast causal chains, including some of infinite ve- 
M locity, the experimerital work of W. Kaufmann 
ind others persuaded Einstein to postulate that 
‘ electromagnetic processes are the fastest causal 
: chains in nature. Accordingly, in the Newtonian 
theory, every two events of nature stand in a deter- 
Yi minate, unambiguous temporal relationship to each 
mi other: either they can be the termini only of causal 
h chains of infinite velocity, as in the case of gravita 
Wife tional aection-at-a-distance, or they will be the 
CS termint of causal chains of finite velocity, however 





large. In the former case they are absolutely simul 
taneous and in the latter absolutely nonsimulta- 






neous. In restricted relativity, on the other hand, 





no influences can propagate themselves faster than 





light, and therefore every class of physical events 





in Which each member sustains an objective rela- 





tionship of temporal order to every other membe1 





will be only a proper subclass of the totality of 





physical events. There will be pairs of physical 
events whose members cannot be the termini ot 
iny influence chain and, therefore, are not related 









emporally by any objective criterion. But clearly 





th clationships between the events that are the 





erin of physically possible influence chats are 
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not generated by the operations performed by hu- 
man beings and do not depend in any way upon 
the activities of human beings or upon their pres- 
ence in the cosmos. ‘The human element does not 
enter until a symbolic des¢ ription of these objective 
time relationships is given—-that is, until we assign 
numerical names to these events. This assignment 
of names is made in such a way that the names o1 
time )-coordinates are indicative of the objective 
temporal) relationships between the events in 
question as well as of certain conventions. In the 
case of the events that are not temporally related 
objectively, there is no nomological restriction on 
the names or time-coordinates to be assigned, and 
then the description can be governed by consider- 
ations of mathematical convenience. In particular, 
here is the source of the relativity of distant simul- 
taneity and of the need for introducing a stipula- 
tion as to which particular pairs of such events 
will be called “simultaneous.” Whatever may have 
been Einstein’s conceptual orientation when he 
first made his analysis of distant simultaneity, the 
systematic import of that analysis relevant here is 
that nature permits greater latitude for the con- 
sistent assignment of numerical names to physical 
events than was thought permissible in classical 
physics. But apart from this somewhat greate) 
freedom of naming, the relativistic temporal order 
of nature neither is generated by, nor derives its 
meaning from, our hypothetical or actual signaling 
activities or from any other operations performed 
by human beings. 

Thus, the upshot of Einstein’s analysis concern 
ing the issue before us is not, as Bridgeman would 
have it, that the concepts ol science reter to ou 
operations instead of to the properties and relation 
What the restricted 


is, however, is that 


ships of physical events 


theory of relativity does teach 
the properties and relationships of physical event 
and things are different in’ several important. re 
spects from the ones that Newton had postulated 
As Max Born has justly remarked in his recent 


paper “Physical reality” (8 


the theory of relativity . has never aban 
doned all attempts to assign properties to matter, 
but has refined the method of doing so in order to 
conform with certain new experiences, . The 
root of the matter is a very simple logical distinction 
which seems to be obvious to anvbody t biased 
by a solipsisuc metaphysics; namely this: that 
often a measurable quantity is not a property of a 
thing, but a property of its relation to other things 

Most measurements in physics are not directly 
concerned with the things which interest us. but 


with some kind of projection, this word taken in 


the widest possible SCTINE 














In particular, if natural clocks happen to be syn- 
chronized via light in the manner of Einstein’s 
definition and if material rods are copresent with 
such clocks in the various Galilean frames, then 
these physical recording devices will show the 
readings required by the Lorentz transformations 
quite apart from any conscious human observer or 
“operator” (9), 10) 
that 


whereas Bridgman tells us 


If the meanings of science are to be found in opera- 
tions, then there must be a performer of the opera- 
tions and this is of necessity a human performer. 


In fact, as he himself recognizes, his meaning 
postulate, coupled with the privacy of sense data, 
makes operationism fundamentally incompatible 
with the basic idea of relativity, which is the idea 
of invariance with respect to reference frames (//). 

It should be noted that, although Bridgman does 
not deny the feasibility of a description of nature 
in terms of properties and relationships, he claims 
certain very definite advantages for a description 
based entirely on operations (/2). What are these 
advantages and on what grounds does he claim 
them? He writes (/3): 

What we are in effect doing in thus preferring the 
operational attack is to say what we do in meet- 
ing new physical situations has a greater stability 
than the situations themselves and that we can go 
further without revising our operations than we 
can without revising our picture of the properties 
of objects. 


He attempts to illustrate this claim by specific 
(14): 


Reflection on the situation after the event shows 


reference to the history of relativity and says 


that it should not have needed the new experi- 
mental facts which led to relativity to convince us 
of the inadequacy of our previous concepts, but 
that a sufficiently shrewd analysis should have pre- 
pared us for at least the possibility of what Einstein 
did. . . . We should now make it our business to 
understand so thoroughly the character of our per- 
that 
change in our attitude, such as that due to Einstein, 


manent mental relations to nature another 


shall be forever impossible. 
And he adds that the only way of making sure 
that we can “render unnecessary the services of the 
{ 15) 


concept to a variety of operations, since this non- 


unborn Einsteins” is to refuse to link the same 


‘ 


unique operational anchorage of concepts “subjects 
us to the constant danger that we may get different 
numbers by these different operations when experi- 
mental accuracy is improved” (/6). 1 do not think 
that this thesis will bear examination. 

Let us see whether careful attention to the oper- 
ational anchorage of our concepts could have fore- 
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stalled or lessened the surprises and revisi: 


were made necessary by relativity. Suppose that 


unique operational procedure had been insisted 


in classical physics for the specification of distance 


and that the same had been done for time 


tonian assumptions of absolute simultaneity ay 
of the nondependence of mass on velocity, thereby 
cushioning us against the surprising results 


Kaufmann’s experiments? To be sure, it would 


have done so in the sense that we would not hay, 


measured any group velocities exceeding that o 


light and we would then not have assumed t| 
existence of signals of arbitrarily large velocities 
Neither would we have felt that mass is alway 
independent of velocity. But note the prohibitiy 


price that would have had to be paid for this 
spurious gain: Newton’s law of universal gravita. 
tion and third law of motion with their instanta. 


neous action-at-a-distance could not have _ bee; 
enunciated. Neither could Newton have stated h 
second law of motion, for it tells us that a materia 
particle can be brought to an arbitrarily large ve. 
locity by a sufficiently large force acting for 

sufficiently long time, if the mass is assumed con- 
stant regardless of the velocity. In short, the pri 
of the safety that could have been attained } 
operationist caution and restraint would have beer 
among other things, the immensely fruitful syste: 
of classical celestial mechanics! In fact, if the rul 
of operationist caution is strictly and consistent) 
applied, physics must reduce to a mere record 0! 
isolated data, since the criterion does not warrai! 
making extrapolations in any direction. In particu: 
lar, how, in the absence of the information vielded 
by the experiments of the years between 1900 ai 

1905, could a safe yet nonsterile theory of mechat 
ics have been constructed at all? And how could 
attention to unique operational anchorage of cot 
cepts have immunized classical optics against th 
results of the Michelson-Morley experiment with- 
out first rendering that theoretical discipline almos 
totally impotent? It is quite true that operational 


awareness would have made us less surprised to finé 


that the length of a moving body is different fron 


the corresponding rest length of that body and les 


prone to make the unconscious a priori assumptio! 
that these lengths are equal. But awareness of th 


inductive leaps involved in the postulational an¢ 


extrapolative ascription of properties and relatio! 
ships to physical things would have secured th 
same advantages for us without sacrificing the in 
mense theoretical fruitfulness achievable throug! 


a description in terms of properties. Thus, in th 
case of length, it is not attention to operations © 
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minations. Would that have forestalled the Ney. 
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hat erms of properties and relationships, that tells us 
- hat we cannot determine the length of a body AB 
ance 1» the basis of the number of points between A 
deter snd B, because there are just as many points in a 
New. hort segment as in a long one. When this result is 
an oupled with the purely theoretically discovered 
ereby iemannian theory of manifolds, it becomes cleat 
wile hat the length of body AB cannot be an attribute 
Ould Bf the space between the points A and B or a rela- 
have ionship between these points but must be an at- 
at Ol bute of the relationship between the body AB 
th nn the one hand and the standard of congruence 
ae in the other. 
Wa) An analogous consideration can be advanced 
sina wwainst the operationist’s invocation of the prin- 
this ciple of equivalence of the general theory of rela- 
vit: Bivity, since this principle lends itself to formula- 
Ma Bion both in terms of properties and in terms of 
eet! Bheoretical operations. In all these cases, a descrip- 
: hi ition in terms of properties and relationships yields 
Tl Bll the advantages secured by an operational de- 
an ription. But a description based on properties 
" «Bi also secures for us a range of theoretical fruitful- 
° Bess that no genuine operational description could 
"Biever hope to achieve. In fact, it is a description 
by based on properties that explains, among other 
“! B things, why it is that diverse operations do or do 
“"" B not yield the same numerical results under certain 
"conditions and tells us how to enlarge our opera- 
‘YB tional horizons through new experiments (/7). 
. It seems inevitable, therefore, that the price of 
™ Biruitfulness is a description in terms of properties 
* Band relationships that entails the risk of requiring 





the services of unborn Einsteins! This is not to 
deny that historically, a kind of operational critique 
contributed to the abandonment of H. A. Lorentz’s 
form of the ether hypothesis, a hypothesis whose 
vacuity becomes equally apparent, however, upon 
basking what properties and relationships are intel- 
ligibly ascribed by that hypothesis to physical ob- 
lects and events. 

Thus, as I see it, operationism can contribute 












‘ignificantly to our knowledge, if it is construed 
as part of the restricted discipline of pragmatics 
but not if it is interpreted as an account of the 







logic or semantics of physics. 





lb. 


SEW 


References and Notes 


P. W. Bridgman, The Logic of Modern Physics 
Macmillan, New York, 1927), pp. 1—9 [referred to 
later as LMP]; The Nature of Physical Theor) 
Princeton Univ. Press, Princeton, N. J., 1936), pp 
8-10 [referred to later as NPT]; “Some implications 
of recent points of view in physics,’ Rev. Intern. 
Phil. No. 10 (1949), pp. 1-3 [referred to later as 
RPVP}; “The operational aspect of meaning,” Syn- 
thése 8, 255 (1950-51) [referred to later as OAM} 
‘The Nature of some of our physical concepts,” Brit 
J. Phil. Sci. 1, 258 (1951) ; Sct. Monthly 79, 32 (July 
1954). 
OAM, p. 253; see also NPT, pp. 8-9. 
H. Reichenbach, Philosophic Foundations of Quan- 
tum Mechanics (Univ. of California Press, Berkeley, 
1948) ; see also L. W. Beck, Phil. Science 17, 82-83 
1950). 
RPVP, pp. 3-4; see also OAM, p. 256. 
RPVP, pp. 11-18, and NPT, pp. 33-34. 
H. Mehlberg, “Essai sur la théorie causale du 
temps,’ I, Studia Philosophica (1935), pp. 119 
260; E. Zilsel, Uber die Asymmetrie der Kausalitat 
und die Einsinnigkeit der Zeit,’ Naturwissenschaften 
15, 282 (1927); K. G. Denbigh, “Thermodynamics 
and the subjective sense of time,” Brit. J. Phil. Sci. 
4, 185 (1953); A. Griinbaum, “Carnap’s views on 
the foundations of geometry,” in P. A. Schilpp, Ed., 
The Philosophy of Rudolf Carnap, Library of Living 
Philosophers, vol. X (Tudor, New York, in press 
P. W. Bridgman, Reflections of a Physicist (Philo- 
sophical Library, New York, 1950), pp. 165-167. 
See OAM, pp. 255-256; NPT, pp. 9-10; and LMP, 


pp. 6-9. 
M. Born, Phil. Quarterly 3, 143 (1953 
H. Reichenbach, Axiomatik der relativistischen 


Raum-Zeit-Lehre (Vieweg, Braunschweig, 1924), p 
70. 
RPVP, p. 18. This meaning postulate leads Bridgman 
to make a curious aprioristic pronouncement in re- 
gard to concepts that will prove fruitful in social 
theory, for he thinks that the postulate guarantees 
that “The individual ts the unit in terms of which 
all our social concepts ultimately find their mean- 
ings’ (ibid., p. 20). 
P. W. Bridgman, “Einstein’s theories and the opera- 
tional point of view,” in P. A. Schilpp, Ed., Albert 
Einstein: Philosopher-Scientist, Library of Living 
Philosophers, vol. VII (Evanston, Ill., 1949), pp 
335-354, and Einstein’s reply, ibid., p. 679; RPVP, 
p. 19 
See NPT, pp. 9-10 

OAM, p. 25/7. 

LMP, pp. 1-2 

LMP, p. 24. 

OAM, p. 255. See also RPVP, p. 3, but note Ein 
stein’s own contrary attitude on p. 193 of his “Geom 
etry and experience,” as reprinted in Feigl and Brod 
beck, Eds., Readings in the Philosophy of Science 
Appleton-Century-Crofts, New York, 1953 

[his point is illustrated with respect to the concept 
of pressure by R. B. Lindsay in ‘A critique of oper- 
ationalism in physics,” Phil. Science 4, 458 (1937 
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LTVTHOUGH dental diseases rarely cause 
death, their costs in money, time and pain 
are enormous. In the United States during 

the year that ended | July 1953, a total of 1.6 billion 

dollars is reported to have been spent for various 
forms of dental care, including the repair and re- 
placement of teeth damaged or lost through tooth 
decay and diseases of the gums (/). This amount 
equals 15.7 percent of the total national health bill 
of 10.2 billion dollars. Unquestionably this expen- 
diture for dental treatment far exceeds the finan- 
cial cost of any other single health problem among 

American citizens. Still these figures do not reveal 

the true magnitude of dental disease in the United 

States. In the same survey, it was estimated that 


only 17 percent of persons in families with incomes 
less than $2000 sought dental treatment; even in 
more, only 56 


families with incomes of $7500 or 
percent had any dental care during the year. 

In the past few decades, many precise and es- 
thetically pleasing procedures have been developed 


used for the restoration of tissues 


and effectively 
destroyed by dental disease. Despite all these pro- 
cedures, there are indications that tooth decay is 
occurring more rapidly now than as recently as two 


’). ‘Today tooth decay is everybody’s 


decades ago (2). 
problem. Relatively few of our citizens reach ma- 
turity, much less old age, without one or more de- 
cayed teeth. 

On the basis of our present knowledge about the 
prevention of tooth decay, only one proposal ap- 
pears to have a tangible potentiality for appreciably 
reducing the amount of tooth decay on a nation- 
wide basis. This proposal is to increase the fluoride 
content of public water supplies. 

#6 a beneficial nontoxic procedure to increase the, 
fluoride content of public water supplies feasible? 
Probably no other question about our health has 
heen debated more widely in recent months. The 
proponents believe that this method will decrease 


which is to be published by the AAAS 


tooth decay among urban populations by at |; 

50 percent without any toxic complications. | 

opponents have questioned the benefits, the safe: 
of the procedure, and the motives behind the r 
ommendation. ‘Throughout the United States a 
in other countries as well, earnest people in lay ai 
professional groups have been seeking to evalua 
the various pros and cons. 

Basically the present discussions about the flu 
dation of public water supplies center around { 
questions: (1) What are the fluorides and wh 
are they found? (ii) Is the ingestion of fluorid 
ili) Is the prolonged ingestion of fl 
(iv) Can fluorides be 


beneficial? 
rides at low levels toxic? 
curately introduced into water supplies? (v) ( 
fluorides be used safely and effectively in any ot! 
way? Let us examine the scientifically substantiat 
facts that pertain to each of these questions 
What are the fluorides and where are they fow 
Fluorine is element No. 9 in the periodic table 
an atomic weight of 19.00. It was not isolated 
pure form until 1886, by Henri Moissan (3). Ii 
the lightest and the most reactive element of t 
members of this series 


halogen series. ‘Two other 


chlorine and iodine, are known to be. essent 
nutrients for animal life. Fluorine is never fou 
in free form in nature because of its reactivity. | 
with the vari 


stead, it occurs in combination 


positively charged elements in simple readily io 
Its co 
pounds are common in the earth’s crust, with flu 
and_cryolite 


able inorganic salts known as fluorides. 


spar (calerum fluoride) (sodium 
aluminum fluoride) being particularly plenti! 
Our agricultural soils contain large amounts of t! 
various compounds of this element. In a surve\ 
20 important agricultural soils in New Jerse) 
fluoride content of the topsoil was found to 
from-as little as 29 up-to 409 tb/acre (4). I 
been estimated that the entire crust of the 


contains an average of 0.1 percent of fluorides 


t 
ul 
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Plant and animal tissues invariably contain de- 
wctable amounts of fluorides. As early as 1805, 
\Morichini recognized that the fluorides were com- 


nts of fossil teeth (6). Extensive surveys of the 


ponel 
doride content of more than 130 foods are avail- 
ible. The majority of foods such as vegetables, 


ts, cereals, and fruits contain 0.2 to 0.3 parts 


yer million (ppm) of fluorides. Outstanding excep- 
‘ions to this lower range are the sea foods, the edible 
portions of which contain 5 to 15 ppm of fluoride, 
and tea leaves, which contain 75 to 100 ppm. A 
cup of tea will supply approximately 0.12 mg of 
uoride, Reliable analyses of the fluoride contribu- 
tion by foods from such far separated areas as 
loronto, Minneapolis, and Washington, D.C. in- 
dicate that the average diet supplies anywhere from 
18 to 0.56 mg of fluoride daily without the use of 
inusual amounts of, either sea foods or-tea-t7-9 ) . 

Interestingly enough the fluoride content ot 
plant tissues seems to be characteristic of the spe- 
cies rather than of the fluoride content of the soil. 
lhe content of bones and teeth varies, depending 
ipon the amount of fluorides ingested. ‘The content 
of other animal tissues is either not affected, or is 
only slightly affected by the amount of fluorides 
consumed. Because of the omnipresence of fluorides 
in all foods from plant and animal sources, no 
laboratory diet for experimental animals has been 
devised that is completely devoid of fluorides. ‘This 
must be done eventually in order to determine 
whether any abnormalities will occur in animals 
that are. completely deprived of this element 
throughout growth, maintenance, and _ reproduc- 
tion. 

Is the ingestion of fluorides beneficial? As early 
as 1874, Erhardt (7/0) and then again in 1892, 
Crichton-Browne (//) suggested that fluorides 
were important in the maintenance of teeth. The 
latter believed that his contemporaries consumed 
too little fluorides. He based this hypothesis on the 
increasing tendency to consume white bread and 


other highly refined foods, which were lower in 
fluorides than whole grains. He strongly recom- 
mended reintroduction into the diet of appropriate 
amounts of fluorides. Little was done to examine 
the merit of these postulates. One of the first con- 
vincing evidences of such a relationship was pro- 
vided by Bunting and coworkers in 1928, who re- 
ported the results of a survey in Minonk, Illinois 

'2). The amount of tooth decay in children born 
and reared in this community was much less than 
in children who moved to Minonk after tooth de- 
velopment was complete. At the time of the survey, 
the investigators recognized that this striking differ- 
was related to the water supply, but the active 
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agent was unknown. Later it was found that the 
drinking water contained 2.5 ppm of fluorides. 

In 1939, more exact information was given by 
Dean and collaborators (/3) as the result of a sur- 
vey of 1581 children in four communities in Illinois 
where the water contained varying amounts of 
fluorides. Later, a more comprehensive survey was 
described for 4425 children from 13 cities in foun 
states (/4). The data from the latter study are pre- 
sented in Table | in terms of the number of de- 
cayed, missing or filled permanent teeth, observed 
in 12- to 14-yr-old children. Where the water con- 
tained | ppm or more of fluorides during tooth de- 
velopment, the children had a much lower inci- 
dence of tooth decay than children in nearby 
communities where the water contained appreci- 
ably less than 1 ppm. These~findings have been 
corroborated by investigators in other areas of the 
United States as well as in Canada, England, South 
Africa, the Ukraine, Italy, Greece, and Hungary 
Deciduous teeth likewise have been shown to benefit 
when waters containing these amounts of fluorides 
wené available during tooth development (/5) 

Not only are the deciduous and permanent teeth 
of children benefited by naturally occurring fluo- 
rides. Adults in the United States, Argentina, Eng- 
land, and Hungary who were exposed to fluorides 
during tooth development likewise have a low in- 
cidence of tooth decav (/6—-19). On the basis of 
these and many other studies, there can no longer 
be any doubt that the consumption of drinking 


Table l. 
drinking water and the amount of tooth decay among 
+425 children, 12 to 14 yr of age in 13 cities from 4 states 


A comparison of the fluoride content of the 


based on reference (/4 


Children 


‘ Avg. no 
with no 


Fluoride No. of 


" f diseased 
content children tooth ot diseasec 


teeth 


ppm) examined decay per child 


¢ 


Colorado Springs, 


Colo. 2.6 tO4 28.9 
Galesburg, Ill 1.9 273 27.8 ) 4 
East Moline, III 1.2 152 20.4 . () 
Kewanee, III 0.9 123 17.9 4 
Pueblo, Colo 6 614 10.6 t.1 
Marion, Ohio } 263 5.7 5.6 
Lima, Ohio ) $54 2 6.5 
Middletown, 

Ohio 2 370 1.9 7.0 
Zanesville, Ohio 2 $59 6 7 
Quincy, Il | 330 2.4 7.1 
Portsmouth, Ohio l 169 1.3 7 
Elkhart, Ind 278 1.4 8.2 
Michigan City, 

Ind l 236 10.4 







































































water containing | ppm or more of naturally borne 
fluorides throughout the period of tooth develop- 
ment confers a significant and prolonged caries re- 
sistance. 

The fluoride content of teeth developed in areas 
where different amounts of fluoride were present in 
the water closely parallels the amount in the water 
(20). Where the drinking water contained 0 to 0.5 
ppm, as in Washington, D.C., the teeth of the 
native continuous residents had approximately 
0.010 percent of fluorides in the enamel and 0.024 
percent in the dentin. Where the water contained 
1.0 to 1.2 ppm of naturally occurring fluorides, as 
in Aurora, Illinois, the teeth of comparable resi- 
dents 0.014 fluorides in the 
enamel and 0,036 percent in the dentin. Presum- 


contained percent 
ably the caries-resistance of the teeth is somehow 
related to their fluoride content. 

Since the inorganic fluorides that occurred natu- 
rally in water supplies had proved to be so effective, 
the next step was to determine whether the intro- 
duction of comparable inorganic fluorides into low- 
fluoride waters would be of equal value. The first 
survey was begun at Grand Rapids, Michigan, in 
January 1945, where the fluoride content of the 
water supply was increased to 1.2 ppm under the 
joint sponsorship of the U.S. Public Health Serv- 
ice, the University of Michigan, and the Michigan 
State Department of Health. Muskegon served as 
the control low-fluoride city. Soon after this, sur- 
veys were begun at Southbury, Connecticut, where 
Mansfield served as the control city, and at New- 


BB hissing 


Water 


Illinois Fluor. 







Galesburg 


Aurora 
Elgin 0.4 


Evanston 0.0 






Extraction 
Indicated 


burgh, New York, where Kingston served 


control city. A-similar study was begun about ¢} 
same timé at Brantford, Ontario, with Sarnia , 
the control low-fluoride city; nearby Stratfo, 
served as a further control because of its natural 
fluoride-bearmg water supply. Somewhat late; 
Evanston, Illinois, and Sheboygan, Wisconsin, wer: 
selected as study areas. In all these commuunitie 








detailed evaluations were made of the incidence 
tooth decay before fluoridation and _ periodical 
thereafter. Medical examinations of various kind 
have been conducted in these areas during thy 
same period to determine whether any system 






problems were caused by fluoridation. 





Almost a decade has passed since the beginni: 
of the Grand Rapids survey. Some of the impres. 
sive data that are now available from the older sw 
veys are presented in Table 2 (2/7). The over-al 
analysis of these data unquestionably indicates the 
the dental caries incidence in teeth formed during 
the survey period was on the average about 5C per. 
cent lower than the caries incidence in otherwis 
comparable teeth formed prior to the increase i; 
fluoride content of the water supply. As would bi 
expected, the greatest benefits were in the younge 
groups. The similarity of the data from the severa 
survey Communities is amazing. No comparable r 












ductions in dental caries incidence were noted i 
the children of the nearby cities where the fluorid: 
content of the communal water supplies was no’ 
increased. 

Is the prolonged ingestion of fluorides at low le: 
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Fig. 1. 


Number per 100 Children (Permanent Teeth) 


Distribution of the four signs of dental caries experience in children 12-14 yr of age who have consunid 
varying amounts of naturally borne fluorides throughout life (36). 
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» Reduction in tooth decay observed in vari- 


ridation study projects; based on reference (2/ 
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Ma 4 Fluoridation 
ittord - Age Reduction 
ural]; Community Report group in decay* 
later fone period (yr) (%) 
wer (yr) 
NItiEs Grand Rapids, 
Ice of Mich Jan. 1945 8 6 70.8 
icalh 7 32.0 
bos 8 49.2 
ce 9 18.1 
; the 13 39.7 
€m Brantford, Ont. June 1945 7 6 9.4 
7 69.5 
Ning 8 a) ies 
pres. y 16.2 
13 52.9 
Sur- 
T-all Newburgh, N.Y. May 1945 = 7 6 69.4 
7 67.8 
tha 8 4().4 
ring 9 51.4 
per- Evanston, III. Feb. 1947 | 6 73.6 
WISst 7 56.4 
P iy 8 35.4 
| be Sheboygan, Wis. Feb. 1946 6 9-10 35.3 
ger (4th grade 
12-14 29.7 
ae (8th grade 
It- 





* Decayed, missing, and filled teeth. 






els toxic? in 1918, McKay, a dental practitioner 

in Colorado Springs, described an abnormality in 

the enamel of the inhabitants’ teeth of that area 

22) Instead of its normal lustrous translucent 
appearance, the enamel of the affected teeth had 
dull chalky white, irregularly distributed patches. 
his abnormality has become known in the United 
States as “mottled enamel.” In-meore severe-cases, 
there is a pitting of the enamel, and the affected 

fF regions become stained a characteristic brown, 
McKay commented on the lack of an increase in 
tooth decay in these disfigured teeth but evidently 
did not note their peculiar caries resistance. 

This abnormality occurred only in individuals 
who were born in the community or who had estab- 
lished their residence there during early infancy. 
Among the children who were born elsewhere and 
then moved to Colorado Springs several years later, 
the enamel that calcified prior to the change of 
residence never had any evidence of mottling. ‘he 
enamel of those teeth that calcified thereafter 
was mottled in a manner similar to that of the 

iatives. McKay collected ample evidence that this 
bnormality was caused by some material in the 
water supply. In 1931 three separate laboratories 
published evidence indicating that excessive fluo- 
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ride ingestion during tooth development was  re- 
sponsible for mottled enamel. ‘Thus, fluorides first 
became of interest in the field of public health be- 
cause of an abnormality in the enamel resulting 
from injury to the cells that form the enamel. 

Thorough epidemiologic studies have been made 
to determine the amount and the frequency of 
mottling in the teeth of individuals who were reared 
in communities where the water contains varying 
amounts of fluorides. On the basis of large reliable 
surveys, approximately 90 percent of children 
reared in communities where the water contains 
approximately 1 ppm of fluorides have teeth that 
are free of any trace of developmental abnormality. 
Numerous investigators believe that the shadings 
and color tones in teeth developed in areas with | 
ppm of fluorides are esthetically more attractive 
than those of the teeth in low-fluoride areas. ‘he 
remaining 10 percent of children have minute areas 
in the enamel of their teeth that have been de- 
scribed as mottled to a very questionable or mild 
degree (23). This amount of mottling was never 
more than barely detectable under ideal examining 
conditions by investigators who were thoroughly 
accustomed to the appraisal of the surface appear- 
ance of enamel. It was so small as to be undetect- 
able by a layman under practically any circum- 
stances and has been comidered by all investiga- 
tors to be completely insignificant insofar as ap- 
pearance is concerned. 

As the fluoride content of the water increased 
appreciably beyond | ppm, the percentage of in- 
dividuals affected and tle severity of the mottling 
increased, until at 8 to 10 ppm a high percentage 
of the individuals who grew up in the area had 
mottled enamel of such severit# that it was estheti- 
cally ‘disfiguring. At fluoride levels over 2.5 ppm. 
the water supply is in need of attention either by 
the development of a new source, by adequate dilu- 
tion with low-fluoride waters, or by. chemical re- 
moval of the fluorides. 

On the basis of these epidemiologic surveys, fluo- 
rides contributing about 1 ppm of fluorine to a 
water supply have been considered to be insignifi- 
cant with respect to mottled enamel. The actual 
amount of fluoride to be recommended for any 
community will vary depending upon climatic con- 
ditions. In northern areas of the United States and 
in Canada, the most suitable level appears ‘to be 
about 1.2 ppm. In southern states where the ayvér- 
age annual temperature is higher and water con- 


sumption is greater, 1.0 ppm probably is the high-’ 


est value that is desirable. 
Abnormalities other than those caused in the de- 


veloping teeth by excess fluoride ingestion have 























been sought in various investigations in the United 
States. 


fragility were measured 


In one survey, height, weight, and bone 
24). These data are pre- 
sented in ‘Table 5. Young males from regions where 
there was | ppm or more of fluoride in the drinking 
water supply were of comparable height and weight 
and had had no more bone fractures during the 
life than comparable individuals from low-fluoride 
regions. 

Probably the most important and extensive sur- 
veys about general systemic influences of fluoride 
1943 and 


Bartlett and Gameron, Texas (25). The former 


ingestion were those made in 1953 in 
community had a water supply that contained ap- 
proximately 8 ppm of fluoride, whereas the latte 
community; situated some 30 mi distant, had wate: 
with essentially no fluorides. In 1943, a series of 
inhabitants who had resided at least 15 yr in each 
community was selected at random and carefully 
examined by skilled physicians. Totals of 116 in 
Bartlett and 121 in Cameron were studied. ‘These 
individuals ranged from 15 to 68 yr of age in 1943; 
97.8 percent of the Bartlett participants and 47.2 
percent of those from Cameron were over 55 yr of 
age. X-rays were made of their skeletal systems, 
and full case histories were taken. Except for those 
who died in the intervening decade, the same indi- 
viduals were examined or were contacted again in 
1953. 

The data obtained in these surveys indicate that 
there was no significant difference in any phase of 
health between individuals in the one community 
and the other with two exceptions. Many of the in- 
dividuals who had resided in Bartlett during child- 
hood had severely mottled teeth. In addition; a 
slightly higher incidence of cardiovascular disease 
was observed in Cameron. In all other respects, 
there were no detectable abnormalities that could 


Table 3. 
fracture experience of 1458 high-school boys, ages 15 to 


concentrations of 


Comparison of the height, weight, and bone- 


17, residing in cities with different 


fluoride in public water supplies; based on reference 


24 


Total no. 
of bone 


Fluoride Height Weight fr an 
; ractures 
ppm in. Ib per 100 
boys 
Galesburg- 

Monmouth, III. 1.8 7.2 135.6 29.0 
Aurora, III. 1.2 66.7 136.5 23:3 
Elgin, Ii. 0.5 68.0 136.1 24.3 
Quincy, III. J 67.2 34.2 21.3 
Waukegan, III. 0 67.4 135.8 95.0 
Washington, D.C. 0 68.4 140.0 39.4 





be attributed to the different fluoride cont: 
these two water supplies. 

Bartlett was included in this survey beca it 
water supply contained about 8 times the ai 
of fluoride recommended for usage in any fluorida 
tion project currently in operation or proposed. |; 
is located in a hot region where relatively larg 
amounts of water are consumed by the inhabitant 
Since no abnormalities attributable to fluoride: jy 
gestion, other than mottled enamel, were observ: 
among the citizens of Bartlett, this, together wit! 
all other available data, strongly demonstrates th 
safety for inhabitants of all ages to use water sup 
plies containing | ppm of fluorides for prolonged 
periods. 

Many damaging statements about the toxicity: 
Huorides have been made in the course of publi 
discussions concerning the fluoridation of publi 
water supplies. Increased cancer frequency, it 
creased incidence of arthritis, depression of th 


level of intellect, and many other ailments hay 


been mentioned, indeed stressed, as toxic manifes 
tations attributable to fluoride ingestion at. th 
|-ppm level. I find no indication in the publish 

literature of an increased occurrence of these « 

any other disease entities in areas of the Unit 

States where the water contains fluorides far in ey 
cess ofthe recommended level. 

If this opinion were based on only one or even 0 
a dozen communities where natural fluoride-bea: 
ing waters have been ingested for prolonged peri 
ods, there would be justification for postponing thi 
fluoridation of public water supplies. However, a 
examination of the record indicates that more tha 
3 million individuals in the United States have 
consumed fluoride-bearing waters in excess of 
ppm for decades and an additional 5 million indi 
viduals have consumed amounts between 0.5 an 
1.0 ppm for long periods (26). The fact that ther 
is no known increase in disease in these communi 
ties is dramatic evidence of the safety of this meas- 
ure. 

Can fluorides be accurately introduced into wat 
supplies? The two compounds commonly recom: 
mended for the fluoridation of public water sup- 
plies are sodium fluoride and sodium fluorosilicat 
Both compounds are inorganic, readily soluble, and 
ionize almost completely in aqueous solution. h 
these respects, they are identical to the compounds 
occurring in natural fluoride-bearing waters. Eithe: 
compound can be introduced in accurate amounts 
into a public water supply by means of carefully de- 
signed machinery. The quality of the apparatus is 
comparable to that used for the routine introduc- 
tion of various other compounds used to maintain 
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the high quality of drinking water (27). One type 
iipment is designed to introduce a solution of 
either compound; another type is designed to intro- 
duce the solid directly into the water system. Both 
types are so designed that the amount of fluoride 
delivered is proportionate to the volume of the 
water flowing by the machine, and both are located 
where there is sufficient agitation to cause uniform 
dispersion. 
lhe amount of fluoride in the water can be read- 
ily and accurately determined by any one of several 


reliable chemical methods (28). 


In addition, an 
electronic instrument has become available that can 
be located in such a position as to measure the elec- 
tric conductivities of the water before and after the 
fluoride introduction (29). This 
brated and designed to provide a continuous and 


device is cali- 
permanent record of the fluoride addition on the 
basis of the change in conductivity. 

In addition, samples should be analyzed periodi- 
cally in a state laboratory to determine how care- 
fully fluorides are being introduced by any munici- 
pality. Through these procedures, the amaunt of 
fluoride introduced can be accurately controlled, 
and any variation, even though minute, can be de- 
tected quic kly. e 

Can fluorides be used safe ly and effectively in 


BB vissing 


Ey Untreated 
Caries 


any other way? Four or more meticulous applica- 
tions of concentrated solutions of fluorides to the 
external surfaces of teeth in young children in a 
period of 4 to 6 wk have been shown to reduce the 
number of new cavities in the succeeding year by 
5 to 40 percent (30-32). This level of protection 
decreases appyeciably until there is little or no de- 
tectable effect by the third or fourth afte1 
Hence the 


made that the topical applic ations be repeated 


veal 
treatment, recommendation has been 
every 3 yr. These heures obviously indicate that the 
consumption of water-bearing fluorides at optimum 
levels during tooth development can be conserva- 
tively stated to be 2 to 3 times more effective than 
the topical treatment. In addition, the top al treat 
ments require much time on the part of a dentist o1 
hygienist, and this immedidely imposes a restric- 
tion on the nuntber of children who can be bene- 
fited. m be : 

No other effective means has been found for 
applying fluorides externally to teeth after thei 
Fluorides in 


development has abeen completed. 


tooth powders and mouthwashes have been tested 
in preliminary fashion with negative results (32 

Numerous proposals have been made for the use 
of some food or food component as a vehicle for 
Salt milk 


and have been 


Ll histieestien 


fluoride administration 
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frequently suggested. A common belief involved in 
these proposals is that such fluoride-enriched foods 
would be used only by the child population on a 
free selection basis. In the first place, these alterna- 
tives to water fluoridation have not undergone even 
a preliminary test for their effectiveness. This lack 
of knowledge is in appalling contrast to the detailed 
observations on the effects of water-borne fluorides. 
Second, there are no well-substantiated data on the 
variations in individual consumption of such mate- 
rials as salt and milk. Even though the fluorides 
made available through either food might be as 
effective as water-borne fluorides, the individual 
variation in consumption may be so wide that it 
would be unwise to employ them. Third, think of 
the difficulties in maintaining a close inspection of 
the fluoride content of milk that is packaged in 
many different plants in a metropolitan area. These 
are problems that can be studied and_ probably 
solved. In a decade or two, there may be enough 
knowledge available to permit wide use of one or 
more other fluoride vehicles. They would be par- 
ticularly valuable in rural areas. 

Along with the discussion of other routes for 
fluoride ingestion, relative costs usually become a 
factor. The cost of fluoridation has been estimated 
to be from 5 to 12 ct per person, depending upon 
several factors, which include the particular com- 
pound used, the number and types of industry also 
using the water supply, and the size of the com- 
munity. If the cost is based on the 30.6 percent of 
our urban population between birth and 19 yr of 
age, the cost is only 16 to 39 ct per child (33). In 
truth, only a small part of the water in any com- 
munity is consumed by human beings. But this is a 
completely irrelevant fact in the determination of 
whether or not to fluoridate, because the afore- 
mentioned cost estimates are based on the total 
annual cost and not on the amount of water con- 
sumed. These estimates are many times less than 
the annual cost for repair of the ravages of tooth 
decay in our child population as well as far below 
the justifiable fees for the less effective topical 
fluoride treatment. 

An appraisal of fluoridation. From the data pre- 
sented in the discussion of the preceding five ques- 
tions, we can conclude that (i) our bodies routinely 
metabolize small amounts of inorganic fluoride that 
are present in all our foods; (ii) the ingestion of an 
optimum amount of inorganic fluorides during 
footh development results in a 50-percent lower in- 
cidence of tooth decay through adolescence and 
adult life; (iii) the consumption of this amount of 
fluorides does not result in any toxic manifestations 
even after long periods; (iv) the fluorides can be as 
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accurately introduced in waterworks as by nature 
and (v) there is presently no method of supplying 
fluoride that is as safe and effective as fluoridation 

In the long and colorful history of public healt} 
explorations, it is doubtful that any other publi 
health procedure has been tested with as many 
patients under as many different controlled circum. 
stances for as long periods. Nature has provided 
dozens of communities from the north to the south 
of this country with every conceivable level o| 
water-borne fluorides from the most minute trace; 
up to 8 ppm or more. Thus there has been avail- 
able for study a wealth of epidemiologic material 
that could not possibly have been collected in 4 
humanly planned survey. ‘The data from these com- 
munities all point toward the rational use of fluo- 
rides at a level of about | ppm as the only known 
way to reduce tooth decay in urban populations, 

Despite the wealth of information, there are thos: 
who are in opposition to the fluoridation of publi 
water supplies. Some oppose this procedure on thi 
ground that fluoridation is a form of mass medica- 
tion. This is a difficult position to understand, in 
view of the fact that fluorides are omnipresent in 
our foods. If the fluorides were entirely foreign to 
our bodies as they would be if there were no fluo- 
rides in our common foods, there might be a littl 
logic in this belief. However, since we consume in 
the neighborhood of 0.2 to 0.5 mg of fluorides dui 
ing an ordinary day, fluorides must be considered 
in some other category than as medicine. In my 
opinion, the threefold increase in fluoride ingestion 
resulting from fluoridation should be considered as 
the fulfillment of a developmental requirement. | 
believe that it is much more reasonable to compar 
fluoridation to the enrichment of white flour wher 
calcium, iron, riboflavin, and niacin are added, to 
the irradiation of milk to increase its vitamin D 
content, or even to the use of artificial heating 11 
cold climates. 

Occasional allusions are made to the possibility 
that fluoride introduction into the water could serv 
as a saboteur’s tool. These become ridiculous when 
examined in detail. Since no generalized systemi 
fluoride toxicity occurred after consumption o! 
water containing 8 ppm of fluorides for prolonged 
periods, levels well in excess of this concentration 
would have to be consumed for long periods to 
cause any chronic toxic manifestation. Obviou 
any prolonged increase of this magnitude would be 
too readily detectable to be useful in sabotage. 

The only other possibility to use the fluorides as 
a saboteur’s weapon would be in the acute toxicit) 
phase where the safety factor is 1000 to 5000 times 
the amount readily available from water containing 
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21). If water were to contain about 1000 


; | ppu 


B ppm, the consumption of 8 oz by a 10- to 12-yr-old 
" hild would produce severe nausea and occasionally 
This concentration, of course, would be so 


3 death 


© salty and obnoxious that it is unlikely anyone would 
swallow more than the first mouthful. A simple cal- 


culation for the Metropolitan District Commission 
Water Supply for Greater Boston indicates how 
completely impractical this level would be in sabo- 
tage. On an average summer day, approximately 
210 million gallons of water are used in Greater 
Boston. To increase the fluoride content of this 
amount of water to a level of 1 ppm by the use of 
sodium fluoride, 2.1 tons per day would be needed. 
If a saboteur were to contemplate sodium fluoride 
as a weapon to produce acute toxicity, he would 
be faced with the necessity of introducing at least 
(000 times the normal amount or 2100 tons (50 
boxcar loads) per day. Chlorine and some other 
chemicals used in waterworks would prove to be 
much less laborious for this purpose. 

Opponents of fluoridation frequently talk about 
the toxic manifestations that occur at very high 
levels of fluoride ingestion as if they likewise oc- 
curred when water contains only the recommended 
amount. No scientist would disagree with the state- 
ment that fluorides are poisonous at very high levels 
of ingestion. What is not pointed out by the oppo- 
nents is the now well-established fact that there are 
no toxic manifestations at the recommended levels 
of fluoride ingestion. Like so many substances that 
are essential to our well-being, the fluorides have 
a broad spectrum of physiologic influences, rang- 
ing from deficiency signs at suboptimal levels of 
consumption to a definitely beneficial phase at op- 
timal levels, thence to a toxic phase at a much 
higher rate of intake. It is of the greatest impor- 
tance to recognize the difference between these 
three stages and, particularly, the difference be- 
tween the second and the third. Where the safety 
factor between the toxic and the beneficial levels is 
is large as for fluorides, no reason exists for with- 
holding the benefits of the active agent from the 
public, 
that there 


should be free discussion of the various phases of 


lt is understandable and desirable 
the fluoridation proposal at the community level. 
lhe freedom to dissent from a commonly held 
opinion and the right to distribute a dissenting 
viewpoint through available channels are among 
the most precious heritages of our democratic life 
Certainly there is no scientific proponent of fluort- 
dation whe would wittingly dispense with either of 
these tangible evidences of our representative form 
eovernment. 


October 1954 


For this reason, among others, it was my _ per- 
sonal conviction until 4 yr ago that we should pa- 
tiently wait for and energetically encourage the 
accumulation of additional facts, both on the poten- 
tial beneficial influences and on the possible toxic 
manifestations of fluoridation in the survey areas 
In my opinion, these facts have become available 
in an incontrovertible fashion during this period 
I believe that, beyond the shadow of a doubt, we 
can conclude that fluoridation is both effective and 
safe. Many independent investigators in private 
and state-supported universities and in other pri- 
Practi- 


cally none are opposed, and very few are undecided 


vate scientific institutions hold this view 


or feel that we should wait for more evidence 

Use and abuse of the freedom of speech in pub 
lic health matters often cause delays in the begin- 
ning of worth-while programs. As long as the issues 
raised are based on facts and on sound reasoning 
about these facts, these delays should not be con- 
sidered to be unmerited, and the motives of the 
opponents in no way should be condemned. How- 
ever, in connection with the fluoridation proposal, 
there has been a deplorable introduction of unsub- 
stantiated statements gvulsed as tacts [hese mis- 
representations have led to anxiety on the part of 
some of our citizens who realize their own inabil- 
ity to evaluate scientific data and seek reliable 
euldance on such matters 

As valid and understandable educational mate 
rials about fluoridation are made available to out 
urban citizens, and as they see the readily visible 
benefits among their relatives and friends in neigh- 
boring communities, there will be an irrevocable 
and increasingly insistent demand for the adoption 
of this public health measure even in areas where 
the opposition is presently the most vociferous. 
Already the fluoridation of community water sup- 
instituted throughout the 


As ol 


1954, fluorides were being added to the 


plies has been widely 
United States and elsewhere in the world 
| May 
water supplies in 944 cities and towns in the United 
States with a total population of nearly 17 million 


4). Many 


ol equip ni 


Ove! 


communities are in some phase 


purchase and installation. Practically 


every month om more new communities are 


added to the list of those that have approved fluori 


dation. While this article was being written. the 


Chicago City Council approved fluoridation and 
ordered theu Department of Water and Sewers to 
have the program in operation by | January 1955 


05). This water system serves about 3.600.000 


residents of the city and an additional 500.000 in 


the suburbs. 


The only foreseeable taneible danger with  r 
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sorghums, seed flax, oats, rye, and wheat. From 1936 to 1946 he 


corn, grain 


was Stationed 


at Lincoln, Nebraska, in charge of the USDA regional cooperative breeding 


program for hard red winter wheat, oats, rye, and barley 


Before jointing USDA 


in 1925, he was instructor in agronomy and assistant agronomist at the Univer- 


sity of West Virginia and the West Virginia 


Agreultural Experiment Station 


Dr. Quisenberry, a native of Denison, Texas, was trained in agronomy at Kansas 
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HE foremost question in agricultural research 
today is posed by the hungry peoples of the 
world. How can we obtain more food? 
Science has made remarkable strides in crop im- 
provement during the past 50 years. In America 
record-breaking harvests of the important food 
crops have become commonplace. But there are 
hundreds of millions of people in the world who 
never have enough to eat. 

Hunger is on the increase. Advances in food pro- 
duction are barely keeping pace with increases in 
population. A recent world food survey shows that 
during the past 20 years the average per capita 
food supplies of most of the Far East have declined 
10 percent. Similar reductions have occurred in 
North Africa and the Near East. 

One difficulty, of course, is that improved tech- 
niques are not generally being used in the areas 
where the need for food is greatest. If improved 
crop practices were in wide use and the harvests 
were well distributed around the world, we could 
eo far in alleviating today’s hunger. But many na- 
tional economies are not yet organized or equipped 
to make fruitful use of scientific agriculture. This 
problem is being attacked on many fronts—by the 
overnments of the countries where hunger is wide- 

read. by the Food and Agricultural Organization 
the United Nations, by cooperative efforts such 
the Colombo plan of the British Commonwealth 


* Presented in the symposium “Species that feed man 
nd.” AAAS meeting, Boston, Mass., 27 Dec. 1955 
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and the technical assistance programs of our own 
country, and by private foundations and other agen 
cles. 

In this symposium we are approaching the world 
food problem from the viewpoint of fundamental 
research. Here is how Paul Mangelsdorf described 
it when he suggested the subject: 

\ dozen species of plants and a smaller numbet 


of species of animals literally stand between man 


kind and starvation. We ought to know as much 
about each of these species as our engineers know 
about our bombers, Today we do not 

Mangelsdorf proposed that we examine these 


ask 


makes the biological system effective in each in- 


species as biological entities; that we what 


stance; and that we see, if possible, where opportu- 

nities for improving the biological system may lie 
Among the plant species this would involve con- 

rice, wheat, maize, 


sideration of potatoes, sweet- 


potatoes, common beans and soybeans, the sugar 
plants—cane and beets—cassava, bananas, and 
coconuts. In one part of the world o1 another, these 
are plants that provide most of the fuel for man’s 
energy. 

The cultivated species have been associated wit! 
Their 


shrouded in obscurity. We do not know when they 


man from ancient times. beginnings are 


were first domesticated or at what stage they be- 
came dependent on man’s care. 
In his long association with most of these species, 


man has altered them profoundly. We cannot trac: 


241 





A field of young rice 


their lineage. We know that variations occurred 
and became stabilized in civilizations that have dis- 
appeared. 

It is difficult to explain why man, knowingly or 
otherwise, chose these plants for food. In some cases 
They have certain charac- 
All of them produce an abun- 
dance of materials in food that can be easily assimi- 
All are relatively easy to harvest. The 


it was pure circumstance. 
teristics In Common. 


lated by man. 





Harvesting of rice in Indonesia is done entirely by the 
women. 1952 
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in Indonesia. 1952 


food part of the plant or its primary derivative can 
be easily stored for long periods of time and can be 
carried over long distances. Another common qual- 
ity is their ability to grow under varying climatic 
conditions. This has made it possible for man to 
carry some of them with him in his migrations 
around the globe. 

During the past half-century, as we have devel- 
oped a better understanding of genetics and related 
plant sciences, we have been able to make further 
modifications in most of these species. We have 
shaped them to meet our need for plants that can 
endure extremes of temperatures, that carry resist- 
ance to a multitude of crop pests, that can make 
efficient use of moisture and fertilizers, and that are 
suited to machine handling. 

Today, man cultivates food plant species of great 
commercial importance on millions of acres. Often 
they are grown to the exclusion of other plants, in 
vast pure stands of genetic materials. This practice 
makes a crop particularly vulnerable to attacks by 
weeds, insects, and virulent plant diseases. The rise 
of a form to which a widely grown variety or re- 
lated varieties are susceptible means that plantings 
over vast areas may be seriously injured or wiped 
out. Since new forms of crop pests are continually 
being developed in nature, plant scientists must 
make a continuing search for sources of resistanc: 
to be incorporated in new varieties. 
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Rice heads the list of the important plant species 
that supply food for mankind. Half of the world’s 


70 percent of those in the Orient——de- 


peot 
pend upon this cereal, wholly or in part, for their 
sustenance. 

Rice requires warm temperatures and abundant 


moisture for growth. It is cultivated on all the con- 
tinents and Oceania. But nine-tenths of the world’s 
rice crop is grown in the Far East. There it is pro- 
duced by traditional methods at a high cost in 
human energy and soil fertility. Moreover, the con- 
tinuing political unrest and social upheaval in the 
rice bowl have kept the Asiatic farmer from in- 
creasing his efficiency. Yields per acre have declined. 
To meet the enormous demand for more rice, more 
land has been planted to the crop. This has helped 
to boost world production by more than a million 
metric tons over prewar levels. Higher yielding 
varieties, fertilization, and labor-saving methods in 
the United States and gains in efficiency in other 
rice-producing countries have also contributed to 
the increased production. 

Research in rice improvement, particularly in the 
Far East, holds great promise. H. H. Love, formerly 


ooden rice mill is used on many small Cuban farms 
illing the family’s grain. 1944 








Rice produced at the cooperative agricultural station, San 
Andres, El Salvador. 1949 


of Cornell University, reports that nine selections 
under test in Thailand gave yields from 30 to 78 
percent above standard varieties used as checks 
The test material came from individual head o1 
plant selections. These were made by Love and his 
associates as a rapid means of getting better yield- 
ing varieties. Possibly greater gains may be obtained 
from the crossing of specially selected parental 
material. 

Wheat, the second of the great cereals used by 
man, 1s cultivated in all parts of the world wher 
climates are cool and rainfall is moderate. Exclusive 
of the Soviet Union, for which we have no esti 
mates, world wheat plantings have been expanded 
by 7.4 million acres since 1938. Larger plantings 
and higher yields per acre have boosted world pro- 
duction by 16 million metric tons a year. Sinc« 
most of the leading wheat-producing countries 
harvest more wheat than they can sell through 
normal trade channels, the export marketing is 
handled under an International Wheat Agreement 

Wheat production in the Western Hemisphere is 
now threatened by one of the most destructive dis- 
eases on record—stem rust Race 15B. It caused 
heavy losses in the spring wheat belt of North 
America in 1950 and again in 1953. With weather 
favorable to the development of the rust, Race L5B 
could destroy tremendous plantings None of the 


present commercial varieties of this hemispher 




















Strains of wheat that have been put through the screen- 
ing test at Plant Industry Station, Beltsville, Md., for 
resistance to rust Race 15B. Left, a strain with high resist- 
right, a highly susceptible strain that has become 
badly infected. 
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carry resistance to the disease. The United Siat 
has joined with Canada and Latin America 
intensive search for sources of resistance. We hay 
screened more than 13,000 wheats in the worl 
collection and are testing the promising materia 
under a wide range of climates and soils. 

A chart of world maize production, the thir 
great cereal that feeds mankind, is of interest jy 
that it reflects increases resulting entirely fron 
higher yields per acre. Since 1938 the area planted 
to maize has been reduced by about 2% million 
acres. Yet annual production has risen by 23 million 
metric tons. We can credit this remarkable gain to 
the use of hybrid maize. 

Another important food plant in which yields per 
acre have been notably increased over the past two 
decades is a tuber—the potato. This species, like 
maize, had its origin in the Western Hemisphere 
Today 80 percent of the world crop (exclusive of 
the Soviet Union 

The greatest gains in potato yields have been 
United States. These 
through disease-resistant varieties, more efficient dis- 


is produced in Europe. 


made in the have come 
ease and insect control, certified seed, and improved 
fertilizer and cultural practices. They have helped 
to boost yields in the United States from 116 bush- 
els per acre—the average from 1934 to 1938—t 
244 bushels per acre, from 1949 to 1951. The croj 
is under the continual threat of several diseases. An 
one of them could eliminate the potato as a leadin: 
food crop of North America. 








Hybrid corn grown under irrigation and controlled fertilizer application in the Columbia River Basin, 1947 
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Potato field in blossom near Presque Isle, Maine. 


\ third crop of New World origin is the sweet- 
potato. This starchy root is one of the richest plant Ser ~wmesungs 
foods and is high not only in carbohydrates but in | 
vitamins and minerals. It has been highly prized 
in the Orient since late in the 16th century, when it 
was introduced in China to relieve famine. 

Nearly half of the 10 million metric tons of sweet- 
potatoes produced in the world each year are grown 
in Japan. Much of the world crop does not enter 
commerce. In many tropical islands sweetpotatoes 
are grown in every garden patch and constitute an 
important part of the family food. There is proba- 
bly some good reason why few sweetpotatoes are 
grown in Italy or India. One could expect that 
these starch roots would be highly valuable in these 
and other nations where the climate is hot and 
moist. 

For many people in the world, the next plant on 
our list is the leading, sometimes the only, source of 
protein. I refer to beans—specifically the large- 
seeded Phaseolus of New World origin. This warm 
seasonal annual is cultivated around the globe, and 





the largest plantings are in China and Brazil. The 
. } 


Wild potatoes collected in Mexico. The fruit, which ¢ 
es : ; ries the true seed of the potato, forms only when the plant 
States. These average 40 percent above the yields of has long cool days 


st yields per acre are produced in the United 
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Shucking beans in Haiti. 


other high-producing countries and reflect the influ- 
ence of improved varieties with increased disease 
resistance and the use of effective chemicals for pest 
control and fertilization. 

‘Twenty-five years ago a discussion of the prin- 
cipal plants that feed mankind would have dealt 
with soybeans almost entirely from the standpoint 
of the crop’s production and use in Asia. It has been 
cultivated in the Far East since ancient times. It is a 
highly valued source of both oil and protein. But 
25 years ago it was not grown to any great extent in 
other parts of the world. In 1929 there were less 
than 3 million acres planted to soybeans in the 
United States. There has been a phenomenal 
growth of the soybean industry here since that time. 
By 1950 these plantings had expanded to about 15 
million acres, and the soybean harvest of the United 
States accounts for well over a third of the world 
production. 

Through intensive research, particularly in the 
development of improved varieties adapted to the 
soils, climate, and day-length cycles of the central 
part of the United States, soybean yields have been 
doubled. New varieties have been developed with 
higher oil content and with greater suitability to 
machine production. 
the sugar cane of 
the subtropics and the sugar beet of the Temperate 


We include the sugar plants 
zone—among the important species that feed man- 
kind. Although sugar is still a luxury in parts of the 
Orient, it is food 
throughout the Western World. 


considered a low-cost energy 
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Perhaps more research has been devoted to sug 
plants than to any other commercial crop. The can 
industry in almost every country has been say 
from ruin by destructive diseases through the intr. 
duction of breeding material that is resistant 9 
tolerant to serious hazards. The beet industry hy 
its beginnings less than 200 years ago in the labora. 
tory of the German chemist, Marggraf, and th 
plant-breeding work of his student, Achard. Con. 
tinuous and intensive research has enabled the jp. 
dustry to flourish in Europe and to become wel 
established in North America, the Near East, and 
Japan. Today, beets provide nearly a third of th 
world’s sugar supply. 

The next plant on our list is a starchy root tha 
is the staff of life for millions of people in thy 
tropics——cassava. It is known in our part of thy 
world as the source of tapioca starch. Cassava 
roots can be cultivated with a minimum of labor 
They produce high yields than 10 
per acre—in hot, seasonally dry climates wher 


more tons 
neither potatoes nor corn do well. The starch con- 
tent of the roots varies from 15 to 30 percent and 
is higher than that of potatoes. We have no estimat 
of world cassava production. Nearly all the cro 
is consumed in the regions where it is grown. 

The banana is another staple food in the tropics 
where it is most extensively used when the fruit 





Roots of a cassava plant of Thailand. Tapioca, in th 
form of flour or granulated tapioca produced from cas 
sava, is one of the principal farm products of the sout! 
eastern region of the country. 
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green. At this stage the starch content is high and 
the bananas can be cooked as vegetables or dried 
and ground into flour. Although bananas originated 
in the Far East, they are grown most extensively 
today in the American tropics. About 75 percent of 
the world banana crop is produced in Brazil, Mex- 
ico, Honduras, and Jamaica. The large, coarse herb, 
perhaps the largest of the herbs, depends almost en- 
tirely on man for propagation. 

Finally, we have included the coconut among the 
principal plants that feed mankind. ‘The palms that 
produce this useful food grow on the shores of all 
tropical lands. The fruit provides the primary 


source of food for many millions of island peopl 


A banana grove 







in Honduras 


The coconut palm differs from the otaer principal 
food plants in that over much of the world it is a 
wild, rather than, a cultivated plant. Even the large 
planted groves in the Far East are not tended in the 
way that other food crops are cultivated. 

Man able 


association with these plant species 


has been in his long and intimate 
to use them to 
his advantage. He has manipulated changes in them 
without understanding fully the structure or the 
processes of the plant. 

What does he need to know to continue making 
effective use of these plant species? What are thei 
potentials? These are questions that should be an- 


swered for each spe 1€S 


Se 


The art of instructing and enlightening men 


human reach.—p ALEMBER1 


() er, 1954 


is| the noblest portion and gift within 














adio and Television” 


C. V. NEWSOM 


Dr. Newsom, who is an educator and mathematician, is associate commission, 
for higher and professional education, University of the State of New Yor} 
Albany. He has received degrees from the College of Emporia, Universit) 
Michigan, Ithaca College, Alfred University, Clarkson College of Techni 

Wagner College, St. Bonaventure University, Hofstra College, Cantsius Coll 
Manhattan College, and Long Island University. He has taught mathemati 

the University of Michigan, University of New Mexico, and Oberlin College a 
has been a visiting professor at Kansas State Teachers College and the Universit 





of Chicago. Dr 


Newsom is the author of several textbooks in mathemati 





ADIQO broadcasting on a commercial basis with one or two members owned television sets _ 
was Inaugurated in the United States in In 1946, nine television transmitters were oper- rn 
the early 1920’s. Only two decades later ating in this country on an essentially experimenta H 
the science of electronics had extended the prin- basis. By 30 September 1948, the number had in- 
ciples underlying radio to make possible the satis- creased to 109; on that date the Federal Commun . 
factory transmission of image along with sound; cations Commission instituted a “freeze” on av- a 
thus for the advertiser, the educator, the sociolo- — thorization of new stations pending a review of th ; 
gist, and many others, a new historical period, the original system of assigning television channel ‘hic 
age of television, had commenced. Radio is still and This “freeze” continued until 14 April 1952, whe: . 
will remain an important medium of communica- the Commission announced a new program for th I 
tion, but in a modern symposium on the transmis- assignment of channels and gave 1 July 1952 as th ae 
sion of ideas it is evident that greater attention date on which it would again process applications ‘ 
must be given to television than to radio because — for new stations. As a part of the new program, 7 nee 
of the greater versatility of the former medium. ultra-high-frequency (UHF) channels, betwee: in 
The first standards for television broadcasting 470 and 880 megacycles per second, were adde | 
were announced by the Federal Communications to the previously authorized 12 channels in tl ss 
Commission in 1941. However, owing to the inter- very-high-frequency (VHF) range, between 54 ar ' ‘h 
lerence of World War II, the commercial produc- 916 megacycles per second; this expansion pet : 
tion of television receivers did not begin until 1946. — mitted the assignment of channels to specified lo < 
The production of receivers in this country during tions in the country in such a manner that vi oo 
that first year was only 6500. By 1948, the produc- tually complete national television coverage woul mre ‘i 
tion figure had climbed to nearly 1 million, and by — py possible. ; 
1950 the figure was approximately 7,500,000. In A very significant part of the new plan ai 4 
November 1953, it was estimated that nearly 27,.- younced in April 1952 was the designation o! a 
900,000 television receivers were in use in this channels in 242 communities for “noncommercial” : 
country, and about half of all the families owned purposes; 80 of these communities were awarded - 


at least one set. It is significant to note that, among 
the various occupational groups, the greatest per- 
centage increase in ownership of television receiv- 
ers during the past year took place among families 
headed by unskilled workers and farmers. It. is 
claimed authoritatively that the greatest occur- 
rence of ownership in the United States at the pres- 
ent time is among families headed by craftsmen and 
skiiled laborers. ‘The Market Research Corporation 
of America has also reported that in July 1953, 53 
percent of America’s families with six or more 
members had television receivers; 58 percent of the 
families with four or five members possessed _re- 
ceivers; but that only 38 percent of the families 
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channels in the VHF range, and 162 received chan 


nels in the UHF range. It follows as a result of this 


action that 12 percent of all television broadcast 
ing stations in this country would be noncomme! 
cial. According to the rules of the Federal Con 


munications Commission: 


noncommercial educational broadcast - st 
tions will be licensed only to nonprofit education 
organizations upon a showing that the propose 
stations will be used primarily to serve the educ: 
tional needs of the community; for the advanc: 
ment of educational programs; and to furnish 
nonprofit and noncommercial television broadca 


Service. 
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The eation of a category of noncommercial 
roadcasting stations was not intended to relieve 
i rcial stations of their responsibility to serve 
the public, for, in the words of the Commission: 
his provision does not relieve commercial li- 
es from their duty to carry programs which 
educational needs and serve the educational 
nterest in the community in which they operate 
[his obligation applies with equal force to all com- 


al licenses, whether or not a noncommercial 
educational channel has been reserved in their com- 
ty, and similarly will obtain in communities 
vhere noncommercial educational stations will be 


peration. 

On 9 November 1953, there were 308 television 
broadcasting stations on the air in the United 
two of these, located in Los Angeles and 
n Houston, were The National 
Citizens Committee for Educational ‘Television has 


25 additional noncommercial sta- 


1954: the 


ncrease In commercial stations will be several times 


states 


noncommercial. 


estimated that 
tions will be on the air by the end of 
this number. It is apparent that so-called “national 
penetration” by television is virtually at hand. 

It is generally accepted by students of the sub- 
ect that television provides a new communication 
medium that is destined to have profound influ- 
ence on the thought and attitudes of the American 
public; already its effects are of greater significance 
than many suspect. Certainly television is reaching 
and will reach many segments of the American pub- 
lie that are virtually untouched by other mediums 
ol mass communication; its utilization by political 
campaigners and by advertisers, frequently involv- 
budgets, attests to belief in its 
that there 


ing tremendous: 


propaganda value. It is only natural 
should be widespread concern, especially among 
educational and civic leaders, with policies fol- 
lowed by broadcasters in the development of pro- 
YTamMs 

Severe criticism of many programs is appropriat« 
rom the point of view of the audience: many pro- 
grams have little merit either as entertainment o1 
is intellectual fare. In justice to the broadcasters, 

must be stated that it is exceedingly difficult to 
develop a sufficient number of good programs, o1 
ven ideas for good programs, to fill the heavy 
broadcasting schedule that is being followed; the 
pressure on broadcasters has virtually made neces 
sary the telecasting of old films and the rehashing 
of vaudeville skits of a previous generation. [t seems 
uevitable that those responsible for programs will 


’ forced to utilize our cultural and intellectual 


resources to maintain a range of programs of sufh- 


t 


interest to attract a sizable audience. It 1s 
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important to note also that most of television’s pro- 
graming experts have been transplanted from othe1 
theater. Holly- 


wood; adaptation to television is very difficult; and 


mediums such as radio, the and 
it is probable that the potentialities of television 
will not be realized until more persons specifically 
trained to create and direct programs are available 
for television. 

Fenton B. ‘Turck l 
past decade there has been a dramatic rise in mass 


has shown that during the 


interest in this country in education and in culture 
generally. He terms this development “The Amer- 
ican aa 'Y 


economy of the United States have, in less than a 


Explosion,” and _ states, culture and 


generation, exploded into an entirely new dimen- 


sion.’ Additional evidence for ‘Turck’s thesis may 
be seen in the growing conviction and virtual de- 
mand on the part of American citizens that tele- 
vision be utilized to a greater extent for the trans- 


mission of educational and cultural 


programs , it 
is obvious to even the casual observer that this ex- 
pression on the part of the public is being trans 
lated into action by commercial broadcasters; and. 
ol course, noncommers ial stations will be devoted 
educational, cul- 


exclusively to the broadcast of 


tural, and instructional programs. ‘Television is 
already making available on a limited scale educa- 
tional, cultural, and informational opportunities 


that previously have been quite inaccessible to 


he great variety of programs—in 


many people. 


music, in art. in the analysis of current events, and 


traditional academic disciplines 


Phe in 


herent appetite ot man tor knowledge and culture 


In virtually all the 

attests to the adaptability of television 
can now be satisfied outside of working hours and 
at home. ‘The acceptance of the new challenge by 
educators is typified by the following statement of 
policy promulgated by a spokesman for educational 


television in North Carolina: 


In its simplest terms. it adds up to a determina 
tion to reverse the tradition of a university as a 
cloistered seat of learning by projecting its total 
facilities and accumulated knowledge to a the 


people ot the Stats 


with 


It 


its multiple separate outlets from a single ori 


s Important also to note that television 
inal 
Ing source, Can mean a greater utilization of bril 
liant individuals, special talent, and compli ited oO1 
expensive properties. The leading authority in any 
held 


more eflect than in dozens of ditlerent appearance 


may discuss his subject once with perhaps 


‘ 


before small groups One concert of an orchestra o1 


a play, Way reach 


a soloist, one performance ol 


| 
many thousands of persons. Programs telecast from 

















the station at Iowa State College have shown that 
an agricultural expert can reach more farmers in 
a 30-min demonstration than he could in weeks of 
travel around the countryside. 

Although educators, advertisers, and others ac- 
cept as a premise that television can be utilized 
effectively for the transmission of ideas, it is still 
essential that greater confirmation be sought before 
the hopes of many of us possess complete validity. 
One of the earliest experiments designed to provide 
partial confirmation was created in 1948 and was 
conducted for a period of months by the Special 
Devices Center of the Office of Naval Research. By 
means of pretests and posttests, comparisons were 
made of the learning of equivalent groups of mer- 
chant marine cadets and of naval and army reserv- 
ists when they were taught by typical classroom 
procedures and by television. Some of the more 
important conclusions of the experiment have been 
summarized as follows by Robert T. Rock of Ford- 
ham University: 


|) All groups of trainees showed important gains in 
knowledge after participation in even a single 1-hour 
lesson presented by television. Not only were the tele- 
vision sessions as effective as traditional classroom in- 
struction, but they 
effective. 

2) Trainees remembered what they learned during 
the television lessons. Repeated tests showed that more 
than 80 percent of the knowledge acquired was retained 
for an interval of 1 month. 

3) Most of the men participating in the television 


were usually considerably more 


training projects liked the television lessons better than 
either typical classroom instruction or tyaining films. 
Nearly three-fourths of the reservists preferred television 
training to the usual classroom procedures, and more 
than 60 percent of them asserted that the television ses- 
sions were more instructive than the average training 
films they had viewed in the preceding 2 years. 

+) Available data indicate that some types of instruc- 
tional presentations are very much more effective in 
promoting learning than other types. For example, it 
was found that dramatic presentations when unsup- 
ported by narrative or expository sequences were singu- 
larly ineffective in promoting learning. Some dramatic 
sequences actually confused trainees so seriously that 
they showed a significantly lower percentage of correct 


‘ 


responses after such “instruction” than they showed be- 


fore the lesson. 


The general plan followed by the Special Devices 
Center in providing instruction to men in widely 
separated locations has received a recent interpre- 
tation in the development of closed-circuit. tele- 
vision Chains for the indoctrination of sales groups 
and other assemblies of business men. A recent pro- 
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ject sponsored by the Atlantic Refining Corpay, 
provides an illustration of the plan. According 
reports in the press, the advertising manager of th 
company introduced a new motor oil in a 
telecast from Philadelphia to six 
meetings from Providence, Rhode Island, to Jack. 
sonville, Florida. Less than a month elapsed } 


tween the day he first contracted for the progra 


¢° 


-hou 
other region; 


and the time of the broadcast. An average of 
persons saw the show in each of the cities an 
learned for the first time about the new oil and ho 
it was to be promoted. In the past, the procedw 
would have been to run seven separate meetings. 4 
company official is reported as saying, 

. without question the result of the closed-circuit 
show was the most effective production presenta 
tion ever seen by our personnel. As a meeting me- 
dium we'd use it every time if we could, but fri 
quent re-use might kill the novelty value. 


Additional evidence of a great variety of ‘ype 
may be reported to demonstrate the effectivene: 
of television as an instrument for the transmissi 
of ideas. For instance, students taking telecours 
for credit at Western Reserve University come 1 
the campus only to take the final examinatio: 
Final examination grades for such students in or 
of the courses where comparisons were made aver- 
aged 13 points higher than the grades made | 
campus students covering the same material. Aud 
ence interest has been revealed by the fact tha 
teachers receive large quantities of “fan mail’ 
one instructor who posed two special problems r 
ceived 1371 replies from the first presentation, ai 
more than 1500 from the second. 

Read Better,’ w 
presented during the summer of 1953 by the Arizo1 
State College over station KTYL-TV in Mesa, Arizon 
the course lasted for 13 weeks. Half-hour weekly p1 


A television series called “Let’s 


grams featured such devices as a reading accelerat 
that moves a shutter down a page of type, forcing t 
viewer to keep ahead of it, and a projector with tin 
shutter that enables an instructor to project phrases ai 
numbers for split-second intervals in an effort to 
crease the viewer's comprehension span. Many viewe! 
reported an increase both in reading speed and in con 
prehension; others reported an increased interest 
reading. As an illustration of still another type of broad 
cast, Western Reserve University reports satisfacto! 
“Your Chil 
Learns to Speak,” which is concerned with speec! 


accomplishments from its telecourse, 
pediments in children, ‘There is considerable inter 
the present time in an elaborate study under dey 
Prin 


ment by the Educational Testing Service, tor 
New Jersey, and the Psychology Department of the 


versity of Houston that has been designed to answer tht 
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How effectively can home nursing be taught 


r 

4 tel on?” The study, it appears, is to be concerned 

Bo vith an evaluation of results obtained through 

ctr mn by television but also with the complemen 

Harv problem of the values associated with differing ex 

nositor techniques that may be employed before thi 
Per cameras. 


('o continue the development of my subject in a 


Scompletely systematic manner might very well in- 


n analysis of the lecture system of teaching, 
the case of some educational television pro- 
orams there is a close analogy between the method 
emploved by the broadcaster and that used by the 
; illed lecturer before a large class in a university. 
\ithough many educators advocate small classes for 
most effective teaching, evidence to justify this ap- 
years to be lacking. In fact, one thoughtful student 
of educational methods said recently, 


Perhaps it is better to discussion 


among students after they have listened to a lecture 


encourage 


by a challenging teacher than it is to have discus- 


within the classroom between students and 


sion 


tea her. 


In Cleveland some 200 groups of women assemble 
several days a week for their morning coffee and to 
listen to and discuss afterward telecasts on psychol- 
ogy from Western Reserve University; perhaps this 
informal device makes learning by television more 
satisfactory than actual classroom experience. 
One might approach the subject of this paper as 
would the philosopher by examining critically the 
phrase “transmission of ideas.” Bertrand Russell 
has stated his belief that ideas are found in pre- 
linguistic experience. Moreover, he asserts, 


language immensely increases the number and 
complexity of possible beliefs and ideas, but is not, 
| am convinced, necessary for the simplest beliefs 


ind ideas. 


Russell’s considerations make clear the importance 
of attitudes, action, and setting in the development 
and clarification of ideas. Such notions appear to 
have some significance in the design of broadcasts 
and provide a partial basis for a study of their ef- 
fects especially in the case of television. 

There is widespread belief that major reliance 
in the future must be placed upon sociologists and 
social psychologists for fruitful studies on the effects 
of mass communications. The work of Schramm. 
Lavarsfeld, Cantril, Klapper, and others in the field 
ot radio, for example, is well known. The patience 
that is required in a study of effects has been de- 
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scribed very well by Wilbur Schramm in the follow- 
ing words (2 

Che present trend of thinking about the study of 
communication effects is to recognize the full com 
plexity of the problem, and also to recognize that 
it cannot be solved by any simple and direct at 
tac x. 


minutely and painstakingly, bringing to bear on it 


but only by analyzing the whole situation 


all potential evidence from the different social sci 
ences, and then whittling away at the unknown area 


by means of carefully controlled experiments 


The complex of variables involved in any thorough 
study of the transmission of ideas, as well as some 
of the conclusions that seem to be possible, have 
Klapper in The Effect 


3). For instance, he concludes that 


been stated by Joseph T 
of Mass Media 
opinions are more likely to be changed when mass 
communications utilize and slightly redirect exist- 
ing drives instead of trying to create new ones: also. 
he finds much stronger reliance by an audience 
upon persons who are regarded as authorities than 
upon those of little prestige. With highly educated 
persons, opinion change on a controversial subject 
is more likely to occur if complete fairness to both 
sides has been displayed. Of special interest is the 
fact that communication to the ear results in more 
retention of simple materials than does communi- 
cation to the eye, but the combined use of com- 
munication to both the ear and the eye results in 
more retention of simple material than the use of 
either method alone. 


Much the 


start, is concerned more with television than with 


of my discussion, as I indicated at 


radio, for I am looking at the future rather than 


the past. As Siepmann (4) has written, 


lelevision’s major casualty appears to be radio 
listening. When a television set is bought, the initial 
and to some extent the continuing, effect appears to 
be a falling off of radio listening, amounting to 
anything from 40 to 50 percent. 


But as he goes on to report, the average person in 
this country still spends more time with radio than 
with any other medium of mass communication: of 
course, this is due in part to the statistical effect of 
considering the large number of individuals who 
do not yet own television receivers. Interesting], 
enough, according to Siepmann, 


There appears, however, to be developing shift 


a 

in the locale of radio listening with which the at 
rival of television may have something to do. Today 
over half of all radio listening in the U.S. 


In radio-T\ 


and midnight. 


is done 
outside the living room homes. 


even between 6 P.M. percent of 
































all listening occurs in the kitchen, and only 29 per- 
cent in the living room. Considerable amounts take 
place in bedrooms, dining rooms and other places. 


ment by a national network of a series of ra 


s 


grams presenting Shakespeare and lectures 
personalities as Toynbee and Oppenheimer 


. . As significant mediums for the transmission 
It is apparent to most students of the subject oe 


Peg OT IIT NET EE NW A ideas, radio and television undoubtedly possess ty 
supplementary mediums. Perhaps radio will even 
gain in popularity for the broadcasting of music 
and of information, where the auditory response is 
fundamental, and it will continue to be used by the 
public in situations where visual attention to tele- 
vision is impossible. Also Seymour Siegel, former 
president of the National Association of Educa- References and Notes 
tional Broadcasters, has made the pertinent obser-  * 


mendous potentialities. In combination with oth 





instruments of communication, and when | perk 
utilized, they can make possible a state in whic 
culture and knowledge are the common possessiq; 
of all. Technologic advance has presented ma; 
with still another challenge. 


Presented as part of the symposium “Transmission 
vation. ideas,” sponsored by the American Book Publish; 
Council, American Textbook Publishers Institute, a 
AAAS Section M—Engineering, Boston, Mass.. 
Dec. 1953. 
. F. B. Turck, Sct. Monthly, 75, 187 (1952). 
of a competitive situation, to lift its sights. Herein ». W. Schramm, “The effects of mass communications, 
lies a great hope for tomorrow. review,” Journalism Quarterly (Dec. 1949 
3. J. T. Klapper, The Effects of Mass Media, mimeo: 
As evidence of the new and significant role that Columbia Univ., New York, 1949). 
; A. Siepmann, Television and. Education in 
United States (UNESCO, Paris, 1952), p. 35 






























Whatever its faults, commercial television has 
now compelled commercial radio, by the creation 1 


radio is to play, there has been the recent develop- 





a oe = 


Ernst Mach 





In connection with our series of articles dealing with various aspects of the general 
topic Validation of Scientific Theories, it is appropriate that the front cover of this 
issue be devoted to a portrait of Ernst Mach (1838-1916), once professor of physics in 
the University of Prague and, at the time this portrait was made, professor of the 
history and theory of inductive science in the University of Vienna. 

Mach’s influence upon modern physics manifested itself at two important points. 
First, there was his criticism of Newton’s laws of motion and the suggestion of a new 
mechanics in which centrifugal and inertial forces depend only upon the relative ac- 
celerations of bodies; this suggestion became the basis of Einstein’s theory of gravitation 
and general relativity (about 1911). Second, there was Mach’s suggestion that the 
physical events inside the atom should no longer be described by the motions—positions 
and velocities—of the subatomic particles but by the radiation that is emitted by the 
particles as described by matrices, not by coordinates; and this was the origin of the 
first formulation of quantum mechanics advanced by Heisenberg (1926). Both hypo- 
theses (of Einstein and of Heisenberg) have their origin in Mach’s requirement that a 
physical theory be considered relevant only if observable effects (relative accelerations 
and radiation) follow from this theory. Description of “real physical phenomena” 
such as absolute acceleration of astral bodies and local motions of subatomic particles 
are irrelevant, because no observable facts follow from them. According to Mach, a 
physical theory is an economical description of observable phenomena, but it is not 
necessarily a direct description, This was in some cases not accepted by Mach’s imme- 
diate contemporaries but is strongly held by logical positivists. 
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f Biology. W. G. Whaley, O. P. Breland, C. 
He A. he . 's. Rabideau. Harper, New 


ies vs ge + 694 pp. Illus. $6. 


rN five professors of biological sciences collab 
irate to write a textbook of college biology, we 
ght to expect some sound scientific writing, and 
1 this book we get it. Indeed, it would take much de- 
siled study to find exceptions to any statements in this 
splendid work. A sound pattern seems to have emerged 
From the teaching experiences of the authors. 
Universities and colleges are confronted today with a 
high-school graduates of “higher than average” 
Bchievement who have come through the upper grades 
At a time when requirements of the armed forces and 
chnical industries took many outstanding science 
Teaching certificates, often 


pave 


ichers from the schools. 


hemporary, had to be granted to persons eager but rather 


jll-prepared to teach science in any expert or critical 
manner. Rapid turnover of teachers subjected pupils to 

disconnected pattern of learning, class size increased, 
lowered, emphasis 


standards of achievement were 
> and general 


shifted from “scholarship” to “citizenship,” 
reading ability deteriorated. These factors correlate 
closely with abilities to master content in biology courses. 

Scientific terminology always presents a tremendous 
obstacle to beginning students. New technical words 
must be learned as “hieroglyphic wholes” by the great 
majority of our students today. The authors of Principles 

t Biology have wisely kept the number of technical 
terms at a minimum but have included the terms that 
re necessary to develop an important principle. 

A brief and concise introduction is followed by a 
major section (part II) on the structure and function- 
ng of organisms. The organization of plant bodies and 
inimal bodies is discussed first in a general way, with 
lifferences carefully noted. Then follow chapters deal- 
ing with cells and tissues, osmosis and permeability, 
stems, roots, leaves, reproduction in plants, photosyn- 
thesis and carbon metabolism, nitrogen assimilation and 
metabolism, respiration, and the role of oxygen in meta- 
bolism. Next come chapters on animal nutrition, circula- 
tion, breathing, excretion, body covering and support, 
movement, nervous system, endocrine system, and 
production. 

Part III treats the principles involved in the develop- 
ment of organisms. Part IV is concerned with the kinds 
of organisms, their classification, variations in life forms, 
and life-histories. It represents another major portion of 
the textbook and includes the usual survey of the plant 
and animal kingdoms. Part V deals with interrelation- 
ships of organisms and their physical environment and 
with health and disease. Part VI discusses the general 
principles of heredity, sex determination, human hered- 
ty, and evolution. 

In colleges that offer only a one-semester course in 
basic biology, one could select materials from parts I, IT, 
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and probably IV and certainly VI in its entirety. When 
such a course permits lectures, demonstrations, and 
recitations for five periods a week, all four parts may be 
covered. The diversity of living forms and the complex 
ity of their organization and development can be only 
appreciated in one semester. 

For those who prefer to emphasize taxonomy and 
evolution, parts IV—-VI should prove most useful. Sev- 
eral hours of field and laboratory work each week are 
essential to the success of this task. Lee and Breland 
have prepared a companion volume entitled Laboratory 
Studies in Biology, also published by Harper. 

Illustrations for Principles of Biology have been care 
fully chosen, are beautifully reproduced, and are of 
variety. The style is dignified and coherent, 
There are no exhibitions of per- 


considerable v 
factual and expository. 
sonal biases or philosophies, and teleological implica- 
tions have been spared. The index is excellent, but there 
As if one were needed! Summaries, sug- 


is no glossary. 
reading, student exercises, sample 


gestions for further 
objective tests, and questions for thought and discussion 
are lacking. The type face and the format of the book 
permit comfortable reading. 

Rospert B. Gordon 
Department of Science, 
Pennsylvania State Teachers College, West Chester 


Plague. R. Pollitzer. World Health Organization, Gen 
eva; Columbia Univ. Press, New York, 1954. 698 pp 
Illus. + plates. $10. 


HE “Plague Studies” that have appeared since 
1951 at irregular intervals in the Bulletin of the 
World Health Organization, revised and provided with 
annexes, are now available in book form. The prepara 
tion of this manuai on plague was proposed by the Ex 
pert Committee on Plague at its first session in Geneva 
in 1949, because the need for an up-to-date reference 
book was continuously apparent. It was not appreciated 
when the proposal was accepted that the unfortunate 
world-rocking revolution in China would result in at 
least one valuable gift to mankind. Pollitzer, the only 
living authority on plague and cholera in the Far East, 
who, through his connections with the Manchurian 
Plague Preventive Service, the Shanghai Quarantine 
Station, had intimate contact with these diseases during 
and immediately after World War II, had to leave his 
post in China. He was immediately invited to join the 
World Health Organization at Geneva. Using his lin 
guistic abilities and counting on his vast personal expe 
rience, the author of Plague has blended reports, papers, 
and documents written in many different languages, fre- 
quently difficult to locate, in a work of high excellence 
Few could have performed the difficult task of syn- 
thesizing in an understanding, but critical, manner this 
bewildering mass of observations and interpretations 


253 







































































































lortunately a general outline and design was available, 
since Pollitzer had served in 1936 as the author of the 
chapter on bacteriology, immunology, pathology, and 
practical laboratory diagnosis in Plague: A Manual for 
Medical and Public Health Workers, issued by the Chi- 
nese National Quarantine Service. Although his name 
heads only the chapter mentioned, there is irrefutable 
evidence that he participated in the compilation and 
preparation of the other sections, for which in his mod 
esty he never asked to be credited. That his early efforts 
are now amply rewarded by the singular continuity and 
clarity of presentation, which sole authorship of this 
quality entails, is gratifying to the reader and must give 
great satisfaction to the author. 

Rach chapter of the 10, in which every aspect of 
plague is discussed, carries the imprint of personal ex- 
perience, judgment, and wise understanding. Every one 
is an infallible guide from the past to the present and 
thus makes thought-provoking revelations, often absent 
in other recent books of a similar nature. To the teacher 
with problems of presenting one or another aspect of 
plague in a concise manner cr to the general reader or 
student who wants information, the book will 
stimulating, because it describes in a vivid thoughtful 


pre ve 


style the spectacular advances in the treatment and con- 
trol of this dramatic disease. The expert on microbiol- 
ogy and immunology of plague and the public health 
official in vector control and epidemiology will not want 
to miss this opportunity to refresh their knowledge. They 
will appreciate the painstaking compilation of extensive 
bibliographies, including several hundred _ references, 
which follow each chapter. It appears that every ques- 
tion has been adequately answered; a high standard of 
accuracy permeates every section and paragraph. 

A casual perusal of the first chapter, “History and dis- 
tribution,” and of the ninth chapter, “Epidemiology,” 
should help to alleviate the apprehension created by the 
dishonest Communist propaganda on the use of the 
plague bacillus in biological warfare. 

Since plague in the United States lingers in the wild- 
rodent populations of the western states, the observa- 
tions on sylvatic plague made in other countries and an- 
alyzed in “Hosts of infection” (Chapter 6) deserve wide 
distribution. They should assist those responsible for the 
education of people who might accidentally become in- 
fected with the plague bacillus while hunting in an en- 
demic area. The discussions on the insect vectors (Chap- 
ter 7) are amplified by magnificent illustrations of the 
principal fleas that spread plague and by a special chap- 
ter written by F. G. A. M. Smit, the custodian of the in- 
valuable Rothschild Collection of Siphonaptera at the 
British Museum. 

If one compares some of the present-day clinical trea- 
tises on plague with the contents of Chapter 8, “Clinical 
aspects,” one promptly becomes aware that intimate 
personal experience and high clinical acumen guided 
the author when he wrote this section. During his stay 
in China for nearly 30 years, he saw hundreds of cases 
of the different forms of plague, including pneumonic 
plague in the 1920-21 Manchurian epidemic. The re- 
markable results of treating plague with sulfa drugs are 


analyzed, and for the first time in comparative 
results reported from different parts of the world 
brought together. Only a few years ago it would } 
been considered impossible to reduce the averag, 
fatality rate of 40 to 90 percent to 4.2 percent in } 
bonic plague. Today even pneumonic plague, which 
nearly always fatal, has had to yield to treatment \ 
streptomycin and similar antibiotics. 

“Control and prevention,” the last chapter, offers 
advice of an experienced administrator. The value ; 
the use of various poisons are critically appraised, an 
is wisely noted that today in the face of an impend 
plague outbreak the control of the flea vector is ; 
important than the planless destruction of rats. [| 
ever, it is repeatedly pointed out that cities, count 
and states in which wild-rodent plague prevails 
maintain vigorous suppressive Campaigns against | 
mensal rats in order to avoid carriage of the infe: 
agent to the proximity of human habitations. 

This comprehensive monograph is beautifully 
trated with microphotographs and color plates. The { 
mat is of the high quality usually characteristic of b 
published in Switzerland. As this book is read and : 
read, it is appreciated as an invaluable handbook 1 
reviews completely the knowledge that has accrued 
the 60 years since the discovery of the plague bai 


K. F. Mi 
The George Williams Hooper Foundation for 


Medical Research, 
University of California Medical Center, San Fran 


The Magic of Electronics. Edward J. Bukstein. fi 
erick Ungar Publ., New York, 1954. 256 pp. I 
$3.95, 


PERSON who has only elementary knowledg 


the physical sciences may be acutely aware of t! 


ever-growing multitude of applications of electroni 
ence and yet be at a complete loss as to how to find « 
about this science without long and perhaps ardu 
study. In addition he probably has only a vagui 
about the meaning of the term electronics. 

By means of a simple but effective technique, Bukst 
explains the elementary principles of operation of r 


resentative electronic devices and control systems. Ins 


doing, he has made the scope of the term electro) 
clear. His method is to present a picture or diagram 
lustrating the subject and then devote a page to dis 
sion. The diagrams are clear and well chosen. Som: 


the pictures are pertinent, but others might as well ha 


been omitted, for they show little more than the app 
ance of some types of electronic equipment. 


The text is clear and well written throughout. T! 
author evidently has a comprehensive and accural 


knowledge of the subject, and he has a knack fo: 
plaining a technical subject in an interesting an 
mentary way without doing so in words of one sy 
as is so often done in popular science writing. 
Some of the topics covered are elementary prin 
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9 eating (including rubber curing, glue setting, 
ipl molding ), induction heating, x-rays, welding, 
radar, photoelectric devices and applications, 
control, medical electronics, transistors, and 
inters. Naturally, only a small amount of in- 

i; can be conveyed about each topic. 

[he book should be of use for collateral reading for 
tudents in high school and college and for 

ho have had some basic training or experience 
cal matters. More advanced readers will also 

enjoy the book and probably will find something new in 

t because of the wide variety of topics covered. 

In my opinion, both author and publisher have done 


, 
good |t yb. 


R. C. RETHERFORD 


BDepartment of Electrical Engineering, 


a y 


University of Wisconsin 


Phy Principles. Stanley S. Ballard, Edgar P. Slack, 
and Erich Hausmann. Van Nostrand, New York—Lon- 
don, 1954. vi+ 743 pp. Illus. $7.50. 


GLANCE through this book gives this impression: 
it is a textbook of physics. There is good writing 


sand sound experience backing the claims the authors 


ake in their preface. The authors move immediately 
the subject matter without apology and develop the 
mcepts needed as they proceed, without forgetting that 
the beginning student has a lot to learn. There is no 
doubt at all that students who are unfamiliar with the 
mcepts of the calculus will be in trouble almost from 
the beginning, for the text is designed to present physics 
with the elegance and effectiveness possible only to those 
vho have studied the calculus or are at least studying it 
oncurrently. 

In mechanics, mass is represented by m, momentum 
by mv, and moment of inertia by J = mr?. The authors 
arefully point out the use of gravitational units in il- 
istrative problems, but they present the logic of physics 
without the complicating g about which all physics 
teachers argue so endlessly without ever reaching gen- 
eral agreement. Ample problem material is found at the 
ud of each chapter, with answers given to the odd- 
numbered problems. This practice finds general ap- 
proval among students who need the knowledge of some 
liswers to reassure them about their judgment and their 
arithmetic. 

lhe discussion of harmonic motion along with elas 
ticity permits sound emphasis on highly important phys 

nd allows pendular motion to be exhibited in proper 
perspective and not as all-important as it was in New 
tons time when gravitation was so all-absorbing. 
ihe authors are frank and honest in differentiating 
between density d and weight density w, which makes 
sible to present Bernoulli's principle without con 
quibbling. 
in mechanics, so also in heat the authors go about 
business directly and with praiseworthy emphasis 
‘ essentials. They are to be congratulated for their 


il treatment of the gas laws and their numerical 


ver 1954 


explanation of that constant R, called the “gas cor 


stant,’ which is used carelessly in so many textbooks. 


The 


physics teachers must still await a book that will com 


treatment of thermodynamics is traditional, and 
bine the Clausius statement of the second law with the 
extremely important topics of. refrigeration and the 
“heat” pump. 

In electricity and magnetism, the authors again do a 
worth-while job with the myriad units and systems of 
units now plaguing both teacher and student. It is also 
comforting to find the hydrogen ion still positive and the 
right-hand rule unencumbered with apologies. Enough 
of the magnetic circuit is presented to make it useful 
and to allow subsequent notions on transformers and the 
like to be presented coherently. This material is surely 
physics, although the authors yield to temptation in pre 
senting sophisticated topics and gadgets, such as radar 
Perhaps the student will be ready for these, however, 
and feel that he 
portant. 


is at last learning about something im 


In combining wave motion with sound and light and 
placing this material after electricity, the authors have 
done a very logical and justifiable thing. It is a sequence 
that will suggest rethinking and rewriting the descrip 
tions of courses in college physics in a good many cata 
logs, if the teachers of these courses adopt this textbook 
and decide to play the game according to the authors’ 
design. The diagrams and discussions throughout are 
clear and instructive, as are also the closing chapters on 
modern physics. 

As remarked in the opening sentence of this review 
this is a textbook of physics. It is not a survey, and 
should not be used by teachers looking for a sop for stu 


dents wanting to study something easy. 


R. F. Paton 
Department of Physics, University of Illinois 
Introduction to College Physics. Rogers D. Rusk 
\ppleton-Century-Crofts, New York, 1954. xxi 


816 pp. Illus. $6.50. 

HIS general-interest textbook blends the histori al 
and philosophic, together with some of the impli 
cations of discoveries for society, with a sound treatment 
of fundamental physics. As in some other widely used 
the level, the subject 1S 


introduced with the 


textbooks at first-year college 


mechanics (statics) of fluids and 


gases, an easier but perhaps less logical approach than 


through kinematics. Illustrative materials are diawn 


from a wide range of common experience, which in 


cludes physiology as well as pure physics and engineer 


ing The treatment of the acoustics of music and the 
physics of color is full and interesting and seems appro 
priate for the general student 

(he mathematical requirements do not go beyond 
high-school algebra and trigonometry. Many illustrative 


problems are worked out, and careful attention is given 
lhe mks system parallels the English and cg 


book 


to units 


systems throughout most of the Important laws 
































and definitions are set off in boldface or italic type. A 
formal verbal statement is usually followed by the de- 
fining equation in words, and the symbolic form of the 
equation is then given. This device not only should pro- 
vide emphasis but it should make the student aware of 
the difference between a formal verbal definition and a 
defining equation. 

Questions and problems are provided at the ends of 
the chapters, and answers are provided for the odd- 
numbered problems. An appendix includes a list of fun- 
damental physical constants and conversion factors, and 
a brief review of fundamental algebra and geometry. 

In recent years, a number of excellent textbooks have 
appeared that present the principles of physics in a clear, 
logical, and formal manner. The result is sometimes a 
rather cold, impersonal structure without universal ap- 
peal, which is likely to be particularly repelling to the 
uninitiated. This textbook does not fall in this category. 
It appears that the author has succeeded well in reach- 
ing his objectives without sacrificing a sound treatment 
of the fundamentals. 

W. Paut 
De partment of Physics, Lawrence Colle LE 


GILBERT 


First Year College Physics. Clarence E. Bennett. Ron- 
ald Press, New York, 1954. vi +526 pp. Illus. $6. 


HIS new textbook is one of the shorter treatments 

of physics, and the author states that it is designed 
for college freshmen. The “chapter-a-week” idea is 
sound and should save a teacher’s time in making as- 
signments. Bennett makes no attempt to be spectacular 
or sensational, presenting what he considers the essen- 
tials in clear statements and using conventional symbol- 
ism throughout. 

One of the features of this textbook is the long list 
of problems at the end of each chapter. In general, these 
problems are of the drill type, which will give the begin- 
ner practice in searching out the correct formulas and 
appropriate units. Answers to the odd-numbered prob- 
lems are given in an appendix, permitting the learner 
to try out his ability to use arithmetic with precision. 

The chapters on mechanics are traditional Newtonian. 
Some of the ideas presented are elaborated in too great 
detail. Projectile motion, for instance, is elaborated far 
more than its importance justifies. The student will 
surely feel that this topic must be essential in beginning 
physics, which is certainly open to question. The ten- 
dency to obscure basic physical concepts in excessively 
detailed geometric and algebraic discussions detracts 
greatly from the value of the book as a textbook. These 
labyrinths of geometry are climaxed by a figure showing 
the relationships between circular and simple harmonic 
motion. It would be a real task to determine the cor 
rectness of such an elaborate drawing, and it is ques- 
tionable how much essential physics could be gleaned 
from a careful study of such a geometric maze. 

In the main, the author chooses his units wisely, but 
defining specific heat as a ratio is archaic and leads to 
errors of statement in subsequent discussion. ‘There is so 





much important physics merely mentioned, 01 rust 
aside with a formula, in the chapters on heat, that pa)jmbacte! 
teachers looking for a new and useful textbook wil] hy 
itate to use this one. The use of more than two pages ;qqgmodill 
describe the gas thermometer, for example, as contray ears 
with less than a page on the gas law, illustrates qy{iipcu' 
tionable emphasis in coverage. head 

Every teacher of physics has his own pet hobbies, a,/iiiea!') 
I feel that the chapters on electricity are far better 1} 4 
those on heat. The author weakens his text by apolog 
ing for the decisions he makes on units, current dite.f§P¢!4 
tions, and the like, but a student who has completed 1 
part of the course should be able to proceed effectiy 
in advanced courses. This is also true for the chapt 
on more modern topics and on light. Some of the dif 
grams used in physical optics are carelessly done. Thy 
show a few unfortunate errors and will leave false j 
pressions in the student’s mind. Here again improv.ff ' 
ments could be made readily enough without enlarg 
the book. 

Since it is easy to find fault, and physics teachers ; 
notoriously dissatisfied with the authors of textbooks 
physics, the reader is cautioned to remember that t! e 
one has many fine and useful features. It is frankly 
drill book, and beginning students certainly need pi 
tice. Perhaps freshmen using it would hesitate to purs 
physics further. But those who did well in the cour 
would like it and find themselves adequately prepa 
for advanced work requiring some knowledge of bas 
physics. 

RF. PAT 
Department of Physics, University of Illinois 


An Introduction to Bacterial Physiology. Evelyn 
Oginsky and Wayne W. Umbreit. Freeman, San Fr: 


cisco, 1954. xi + 404 pp. Illus. Trade, $7.25; text, $ 


HE reaction of most persons when they see thi ppea 

textbook for the first time is something akin to t! h 
reaction of a traditionalist to a painting by Salvad iny 
Dali. But once accustomed to the eye-catching illust: ngs 
tions, readers will find a sound, flowing account of t! uit 
what, the how, and the why of bacterial function. 

It is a good book. It scans well the usual features Cy 
bacterial physiology and adds a few new ones, such 
the chapter on virulence as a physiological problem. | 
is well balanced and avoids the current research hype 


trophy toward metabolism. However, the undergradua! R 
user for whom it is intended may well find the necessa! ( 
biochemical aspects, although predigested by the a’ Ni 
thors, better assimilable if first taken as a_ separal’ 
course. This quandary of basic prerequisites is not new 
to the teaching of undergraduate microbiology a 

the 


obviously does not retard the many college courses fo! 
which this textbook should be nicely tailored. ‘Ther 
may even be a few individuals in the professional str 
tum who will welcome the opportunity to refresl 0! 
update their knowledge in this area with reading «n¢ 
illustrations reduced to their simplest terms. 

This new textbook inevitably bears the mark of \\1s 
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.. Baldwin, whose perhaps earliest course in 
physiology persists in principle here, and 

































it a actel 
de johtly faken, taught, and transcribed in increasingly 
died bodific xm by Wayne Umbreit, its thread still ap- 

Itractosllmmpear’s his book. Both authors, presently absent from 

sa tive teaching, were able to look back reflectively and 

head in an unbiased way while writing this book- 
es. eally a very enjoyable way to write a book. The results 
er tl how | 

alo PHitipe GERHARD1 

dir Dy partment of Bacteriology, 

ed th niversity of Michigan Medical School 

CU\ 

lapt ag : ; ; 

eo dl French-English Dictionary for Chemists. Austin M. 

Th Patterson. Wiley, New York, and Chapman & Hall, 

ra London, ed. 2, 1954. xiv + 476 pp. $6.50. 

prov" i as - 

HIS new edition of the favorite French dictionary 

nel for chemists has grown from 35,000 terms to 42,- 

(00, and it has been improved in other ways. It could 

ie Mhe taken for granted that it covers adequately the tech- 

ie nical words encountered in chemical French, and a 

kly oe ireful check proves that it does. But its usefulness is 

pra not limited only to chemists. I took advantage of a 

” somewhat eclectic library to check this book against 

a works on subjects such as anthropology, vector analysis, 

a fand Egyptology. In no case did the dictionary fail to 

saci Provide an illuminating definition of all words that 
were really in any doubt, including such words as 

lage, entaille, and reboucher. 

‘te The vocabulary, fortunately, is not limited to chem- 
cal or even scientific words. It contains a good working 
st of words in ordinary usage, including common words 

| that may be unfamiliar to those who do not read French 
vay. fp iiterature fluently. As an example, the word tiers might 
¢| e given. Another feature useful to the beginner is the 
sting of the verb in its various forms when these might 

this ppear different to the uninitiate. 

th [he work is really so good that it is difficult to find 

dor iny fault. However, I did note that among the mean- 

I ngs of abaque, the meaning of nomogram, which is 

i quite common, was not spec ifically given. 

Wirtuam C. Boyp 
' E School of Medicine, Boston University 
| 
General Chemistry. A topical introduction. Eugene G. 
U Rochow and M. Kent Wilson. Wiley, New York; 
ry Chapman & Hall, London, 1954. xiii + 602 pp. Illus. 
q Nh) 
te 





HIS interesting and stimulating textbook was writ- 
ten “primarily for the serious student.” [t deserves 
the consideration of all teachers who wish to offer an 
dvanced college-level course as a challenge to their 








nos’ ambitious and capable freshmen. ‘The compact 

f presentation of “a unified group of chemical 
rinciples ... to furnish sound fundamental training in 
henuistry” is illustrated by Chapter |. In addition to the 
‘sual introduction to chemistry and the classification 
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and states of matter, these 19 pages cover the mass spec- 
trograph, systematic inorganic nomenclature, and the 
use of dimensional analysis to solve chemical problems 
involving symbols, formulas, and equations. 

The usual scattered historical notes have been gath 
ered together in a coherent “History of chemistry” in 
the appendix, thus providing space for the discussion of 
sueh topics as bond angles, quantum numbers, orbitals, 
piezochemistry, photochemistry and the mechanism of 
photosynthesis, biochemistry, macromolecules, and a 
thought-provoking chapter on “Our resources.” 

Although this book is quite free from ordinary typo 
graphical errors, I would prefer to see some items re- 
vised: (1) the “free chlorine’ theory for the action of 
aqua regia (p. 80); (ii) “deep-red Fe(SCN 

p. 158); (in) the outmoded soda ash process for the 
absorption of bromine liberated from the sea (pp. 193, 
206); (iv) the use of electric power for electric ¢ nergy 

p. 269); (v) the use of electrolysis (p. 270) to de 
scribe the electrothermal reduction of silicon dioxide by 
carbon; (vi) the unusual hypothesis advanced to explain 
paper chromatography (p. 392 

FRANK ID. Martin 


Department of Chemistry, Purdue University 


Introduction to Chemistry. R. T. Sanderson. Wiley, 
New York; Chapman & Hall, London, 1954. x +542 
pp. Illus. $5.50. 


ENERAL college chemistry is a. fairly well-de- 
fined field for which many textbooks are avail- 
able. Therefore, when I receive a new book, I wonder 
whether it will be a mere “rehashing” of the contents 
of other books. Sanderson’s Introduction to Chemistry 
presents, however, a distinctively new and valuable ap- 
proach to the teaching and study of general chemistry 
The most valuable feature of this new book, in my 
opinion, is the decided emphasis on explanatory ma 
terial rather than on descriptive material. This is defi- 
nitely a textbook; it makes no attempt to double as a 
reference book. The organization of subject matter is 
logical from the teaching standpoint, not from the his 
torical standpoint, 

The first several chapters introduce the student to 
basic concepts of the composition of matter, atoms, 
molecules, and so forth, and these concepts are used 
extensively in the remainder of the book. A chaptet 
early in the book ties in the study of chemistry with 
many common household substances, so that the student 
will be able to relate chemistry to everyday living 
throughout the course. The high point of the book is 
reached in the detailed chapter on periodicity (Chapter 
23). This subject is introduced with an appropriat: 
illustration, and subsequent explanatory and descriptive 
portions are both clear and thorough. The last chapter, 
on the profession of chemistry, is an interesting “extra,” 
but it may be more abbreviated than necessary 

lhe author uses a refreshing, informal style. This fea 
ture, along with the emphasis on explanatory material, 
should make the book very teachable. The book is 


















written to the student, with frequent use of the second 
person. Among the numerous informal statements ob- 
viously intended to arouse interest may be cited two, 
“The skunk is made of molecules. So are you.” “Phe- 
nolphthalein serves ... in... commercial laxatives, in 
spelling contests, and as an indicator.” 

Many good diagrams contribute to the clarity of ex- 
planations. A few are of questionable value (for ex- 
ample, one illustrating activation energy on page 265 
other than for arousing interest. Most, however, are of 
real teaching value (for example, illustrations of factors 
that influence rate of combination with oxygen on pages 
259-263). Study suggestions and questions are included 
as study helps after some chapters. It is to be regretted 
that similar helps are not included after other chapters. 

The type is large. The author and the publisher are 
to be congratulated for this excellent teachable book, 
which may be expected to take its rightful place among 
the good textbooks of college chemistry. 

Rosert B. FiscHER 
Department of Chemistry, Indiana University 


Principles of Polymer Chemistry. Paul J. Flory. Cornell 
Univ. Press, Ithaca, N.Y., 1953. xvi4 
$8.50. 


672 pp. Illus. 


HILE polymer science has been developing into 

a special branch of chemistry and physics dur- 
ing the last 25 years, a series of comprehensive treatises 
has appeared, which in most cases either covered certain 
groups of macromolecular substances, such as proteins, 
vinyl compounds, cellulose, and the like, or concerned 
themselves with certain aspects, such as the physical 
chemistry, the organic chemistry, or mechanical be- 
havior of polymeric materials. These books were essen- 
tially descriptive in character and, whenever quantita- 
tive formulations were presented, they consisted of more 
or less specialized theories designed to cover a limited 
field of phenomena. 

Flory’s book is of a different character and _ intro- 
duces a new era of literature, presenting our knowledge 
of polymers in a comprehensive manner. It uses the 
generally accepted ideas on the mechanism of the for- 
mation of macromolecules on their configuration and on 
their response to external forces, but it uses them sys- 
tematically throughout the whole presentation in a 
uniform deductive manner and penetrates to quanti- 
tative statements as much as this can be done unde 
present circumstances, 

(he author is highly qualified to offer such a presen- 
tation, because he has personally made just this kind 
of contribution to all branches of the subject field and 
can justly be called the leading person in the present 
development of polymer science. 

In addition to this new and modern general approach, 
the book is remarkable because of its clarity and sim 
plicity and the large amount of actual data that it con 
veys to the reader. Figures and tables are carefully se- 
lected and well reproduced, The references are assem 
bled at the end of each chapter and here it might be 
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permitted to remark that contributions of | 
authors are perhaps not always quite adequately 


ered iT 
and sufficiently discussed. Rial 

Everyone who wants to familiarize himself with 4 4 th 
present state of our actual knowledge and with = 
existing trends in polymer chemistry will draw gr er 


advantage from Flory’s book, which can be warm) 


recommended to students, teachers, and industy rhe 


chemists as a source of information and stimulation itd 


H. Mari hood 
Polymer Research Institute, f the 
Polytechnic Institute of Brooklyn id 
Representative Chordates. A manual of comparat 
anatomy. Charles K. Weichert. McGraw-Hill, Ny Ch 
York—London, 1954, vii + 204 pp. Illus. $3.50 hildi 
HIS laboratory manual for comparative anaton idol 
describes in orthodox fashion the organ systems ex O 
the lamprey, spiny dogfish, mud puppy, and cat. T! Soci 
verbal descriptions are terse without much theoreti: Sis 
comment, The manual is noteworthy for its profuse us f pi 
of illustrations. With this manual, a student should | P ri 
able to master these four animals with little instru vest 
tional assistance. the s 
J. WenbeELL Bure! xen 
Department of Biology, Trinity College l 


Manual of Child Psychology. Leonard Carmichael, | 


Wiley, New York, and Chapman & Hall, Londo \ 
ed. 2, 1954. ix +1295 pp. Illus. + plates. $12. men 
ITH the range of its subject matter extending tend 

from the babbling of the idiot to the brillian eith 

of the genius, from the movements of the fetus to tl pro\ 
ethical behavior of the adolescent, from the anaton dev 
of the embryo to the topology of the life space, tl tion 


revised edition of the Manual of Child Psychology, \ik 
the first edition of this remarkably comprehensive boo) 
is an indispensable source of information for the a it 


vanced student and specialist, In addition to numero vest 
references to earlier publications, the bibliograph tio 
now include 1145 selected references with publicati on 


dates between 1946 and 1954. 

Fifteen of the 19 chapters were revised by the origins 
authors. Two chapters, “Psychopathology of childhood lu 
by Clemens E. Brenda, and “Social development,’ | 
H. H. Anderson and G. L. 
first time in the revised edition, ‘The chapter on “Ih 
Horrocks, and a! 
“Behavior and develo 


Anderson, appear for th 


adolescent” was revised by John E. 
addendum to the chapter on 
ment as a total 
tributed by Sibylle Escalona. ‘Two chapters of the 
“Maturation of behavior’ 


function of the situation” was 


i H 


edition were omitted: 
‘The 


The contributors have undertaken to provide 


feeble-minded child.” 


accurate and coherent picture of some of the most in 
portant aspects of research in the scientific psycho!og) 
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development.” If we think of the alterations 
n the several chapters as samples of the amount 


effect 

ind importance of serious research since 1946, we find 
that se samples may readily be divided into three 
B orouy i) Relatively minor changes were necessary 
5 ae chapters: “The onset and early development 
ff behavior,” “Animal infancy,” “Physical growth,” 
‘The ontogenesis of infant behavior,’ “Learning in 
hildren,”’ “Measurement of mental growth in child- 
hood,” and “Behavior and development as a function 
{ the total situation.” (11) Continuing vigorous research 


ud important new developments characterize seven 
chapters: “Methods of child psychology,” “The neon- 
Language development,” “The environment and 
nental development,” “Research on primitive children,” 

Character development in children,” and “Gifted 
hildren.” (111) Five of the chapters are new or com 
jetely rewritten in the light of recent research: “The 
adolescent,” “Emotional development,” ‘Psychological 
sex differences,” “Psychopathology of childhood,” and 
Social development.” 

Sixteen of the chapters present systematic reviews 
of published research. The material for the most part 
is arranged chronologically under the major topics in- 
vestigated, Critical evaluations reveal points of view, but 
the studies reviewed were not selected to illustrate o1 
exemplify only one particular viewpoint. 

Three of the chapters present conceptual frameworks 
r systematic theories that are used to interpret, to 
ntegrate, and to evaluate the designs and the results 
if investigations. 

\ continuing and ubiquitous problem for develop- 
mental psychology is the “integration versus individua- 
tion” issue. The new Manual reveals an increasing 
tendency among investigators to select and depend upon 
either an isolation technique or a field technique to 
provide the information required for a portrayal of the 
developmental process. Experimental analysis by isola 
tion deals with limited segments of behavior, and field 
techniques may be expected to omit information about 
some variables that may function as critical foci within 
a total pattern. The limitations of techniques of in 
vestigation should not be disregarded whether “integra 
tion” or “individuation” appears to be the most useful 
conceptual model for representing development. 

lhe omission of a chapter on maturation may indicate 
a trend in child study that was anticipated in the con 
cluding remarks of the chapter on that subject in the 
lirst edition of the Manual: 


the “maturation-versus-learning’’ dichotomy is 
i cumbersome conceptual framework. . Once the 
laws of development have been determined the 


ituration concept may fade into insignificance 


However, the role of physiological growth has been con 
sidered in several chapters, and maturation is the pet 
vasive theme of the chapter on “The ontogenesis of in- 

behavior.” One does find that investigators who 
‘ive evidence of acquaintance with current research on 
ig are not disposed to attribute all fundamental 
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developmental changes to a_self-directing influence 


called) maturation. 

Iwo other trends should be mentioned. There is an 
increasing consideration of “dynamic” concepts that 
have been taken largely from psychoanalytic literature 
In some cases, this seems to represent a predilection for 
the use of broad abstractions, whereas in other cases it 
seems to represent earnest attempts to deal with prac 
tical problems of motivation by means of hypothetical 
constructs. There are, also, increasing attempts to 
comprehend the “whole child” without transgressin: 
the boundaries of meaningful communication 


In general, this large book 1S concisely written It 


fulfills its function as a manual exceedingly well. ‘The 
continuing synthesis or emergence of a more adequat 
portrayal of child development will be facilitated in 
many ways by this revised guide to the methods and 
vast achievements within this field of scientific research 


H. E. Weaver 
dD. partment of Psychology, Obe rlin College 


Methods of Research: Educational, Psychological, So- 
clologi al. Carter We Good and Douglas Kk. scates 
92() 


\ppleton-Century-Crofts, New York, 1954. xx 


pp. $6 


HIS book, I think, will find widespread use in the 
scientifically slanted courses in teacher education. 
Three characteristics are especially noteworthy: the 
comprehensiveness of the topics covered, the generally 


simple style of writing, and the attractiveness of the 


typography 

For some 50 vears tea het educ ation has been seeking 
to introduce students to scientific thinking and to ob 
jective methods of research. Education has borrowed 
freely from psychological research, statistics, and engi 
neering. Although educational research workers often 
have developed considerable skill in mathematics and 
statistics, they have had little preservice exposure to 
systematic treatments of ways to plan, conduct, and re 
port research studies. ‘These skills have been acquired 


largely by experience on the job 

Awareness of the shortcomings of training programs 
for educational research workers must have been the 
factor that spurred the authors into nearly every possible 
nook and cranny of their subject. This is a good thing 
for most beginners. They can travel from a somewhat 
idealistic opening chapter on “research as a way of 
progress” through chapters dealing with various techni 
cal research methods, including such prosaic topics as 
stride man 


note-taking. The beginner will do well t 
fully through this rather long analysis and description; 
the experienced research worker will dip in and out as 
his interests and needs require 

Che imprassive thing is the success that the authors 
have in covering so much ground while making the text 
book so interesting Chey have dropped in a tew names 
anecdotes, and bits of news: thev have not hesitated to 


use the editorial we. They have touched upon “social 
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significance” without flying off on a tangent. They have 
referred to situations and questions that confront typical 
research workers in school systems, colleges, and _re- 
search bureaus. These touches, combined with system- 
atic and comprehensive treatment of research methods, 
have resulted in an especially useful handbook for all 
who do research in psychology, sociology, and education. 
Most pages carry footnote citations to specific studies 
and, in some instances, the sprinkling of citations is 
rather liberal. They are neatly tucked in, however, so 
that they do not seriously impede the reading. The last 
four chapters, on the experimental method, case studies, 
developmental studies, and how to report and imple- 
ment research, are bolstered with carefully selected bib- 
liographies, in addition to a generous number of foot- 
notes, 
Good and Scates collaborated with A. S. Barr in 1936 
revisions in 1938 and 1941) in writing a book on the 
methodology of educational research. Methods of Re- 
search, although similar in arrangement and topics to 
the earlier volume, has been so extensively revised and 
improved that it constitutes a new book. 
FRANK W. Huspparp 
Research Division, National Education Association 


Introductory College Mathematics. Adele Leonhardy. 
Wiley, New York; Chapman & Hall, London, 1954. 
ix +459 pp. Illus. $4.90. 


Introductory College Mathematics. Chester George 
Jaeger and Harold Maile Bacon. Harper, New York, 
1954. xii + 382 pp. Illus. $4.75. 


HESE two textbooks, bearing the same title, are 

both designed to meet the needs of students whose 
study of mathematics will be confined to a 1-year course. 
Both seek to introduce material more intellectually stim- 
ulating than college algebra and trigonometry and to 
provide a background in mathematics for those students 
whose interest may be so aroused by this course that they 
will continue their study of mathematics. The approach 
in the two books is somewhat different. 

Adele Leonhardy develops the nature and ideas of 
mathematics by confining her treatment to a few major 
topics and concepts. Her selection includes the nature 
of mathematics, our number system and the algebra of 
numbers and their logical bases, the practical aspects of 
measurement and computation, functional relationships 
and the rate of change of functions, and simple statisti- 
cal measures and their interpretation. Attractive fea- 
tures are the large number of exercises drawn from 
many fields of interest, chapter reviews, bibliographies, 
and interesting historical notes. In my opinion, the au- 
thor’s twofold purpose—to develop for the student the 
mathematical concepts and techniques needed in a pro- 
gram of general education and to present mathematics 
itself as one of the areas of general education—has been 
admirably fulfilled. 

The book by Jaeger and Bacon is not pointed so di- 
rectly toward general education. It follows more nearly 
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the traditional pattern of textbooks in freshma 
matics and should prove a very teachable book 
in algebra are not stressed but are interwove: 
other material, The treatment of trigonometry 
alytic geometry is adequate for the study of 
mathematics. i 
rather early, and differentiation and integration « 
onometric, logarithmic, and exponential function 

In the early chapters, the authors supply rather 
plete details to enable the student to develop cont 
in himself. As the book proceeds, more is left for 
supply, in an effort to develop his courage and imagi; 
ation, The tables in this book are somewhat more ext 
sive than those in Leonhardy’s book but are not 
quate for accurate computation, 


Department of Mathematics, Miami University 


Inorganic Quantitative Analysis. Carroll Wardlaw Grif 


fin. Blakiston, New York, ed. ‘ 


UCH as a saint would meditate upon the m) 
teries of the Rosary, a good teacher should « 
casionally meditate upon the “mysteries” of his subj 
The chemi-saint will immediately recognize that 
magnificent structure of chemistry rests securely up: 
the foundation of quantitative analytic fact and less s 
curely upon the fruits of the keen imagination o 
chemical predecessors. A good textbook of quantitativ 
analysis must make this point crystal clear to the st 
dent. After all, the reason we teach “quant.” is that 
is useful, and certainly we are obliged to see that t! 
student clearly understands the usefulness of this subje: 
Therefore, an acceptable textbook of quantitative ai 
alysis should emphasize the absolute veracity of exper 
mental fact. It should help the student to acquire a go 
laboratory technique. It should indicate how the stude: 
can determine whether he has, indeed, established 
valid and useful fact or has erred somewhere in his pr 
cedure. It should warn him that the procedures in t! 
textbook are rather special and will not always work ané 
where to turn in that event. Above all, the student mus 
be made to realize the reason why quantitative analysis 
is necessary for almost every chemical investigation 
This is a standard elementary textbook. It starts will 
a word of caution to the student and general operations 
There follows a special chapter on separations; seve! 
chapters on volumetric analysis, including a thoroug! 
treatment of pH, indicators, and titration curves; thre: 
chapters on gravimetric analysis; and a chapter ea 
precipitation titrations, potentiometric titrations, 
troanalysis, and colorimetry. The experiments are st 
ard and follow the theoretical discussions. There 1 
interesting determination of tetraethyl lead in gaso! 
The appendix contains a list of worth-while referenc 
works, a table of logarithms, and directions for the 
of platinum ware. The index is good. There are se\ 
problems at the end of each chapter. 


THE SCIENTIFIC MONT! 





LLAR 


treatment of quantitative analysis, there must 
persed a constant theme, repeated again and 


be 
again, s.ating why the subject is important, emphasizing 
the val.dity of the experimental fact, suggesting that in 
later practice the textbook procedure will not often 
work and must therefore be modified, and explaining 
the use of the imagination to build better theories of 
matter, always based on experimental results. No such 
constant repetitive theme was found. This textbook is 
itisfactory in all other important respects. 


Jay A. Younc 
Department of Chemistry, King’s College 


Rocks and Mineral Deposits, Paul Niggli. ‘Translated 
y Robert L. Parker, Freeman, San Francisco, 1954. 


xiii +559 pp. $12. 


\UL NIGGLI lived to see his Gesteine und Min- 

erallagerstatten (Erster Band) translated into Eng- 
lish, but it is the profession’s loss that his death occurred 
a year before Parker’s excellent translation was printed 
and ready for distribution. Niggli had no illusions about 
the reception that his book would get, for he wrote in 
his introduction: 


the science of rocks and mineral deposits is 
one in which scientific controversies have abounded. 
These... flare up again and again, and never end 


[he experts will indeed find much to criticize, but 
Niggli’s critics will have to proceed with caution, for 
they are dealing with a researcher whose innovations 
and heresies were not put into print lightly or capri- 
ciously. On the contrary, most of them are so provoca- 
tive that it may be doubted whether, with this volume 
on the market, textbooks in petrography will ever be 
the same. The book is not designed for casual reading. 
It is a combination manual of petrographic procedures 
and techniques for the graduate student, of original 
thinking in some fields, and of painstaking synthesis in 
others. 

[he volume plunges into geochemistry after a very 
brief introduction. On page 15 the reader is given “the 
Nigegli values” of important rock-forming minerals, and 
he has the choice of learning the Niggli method of 
calculation or of proceeding through the rest of the 
volume at his own risk. Whichever choice he makes, he 
will wonder how Niggli values became one of the 
elements of geochemistry. His appreciation of the 
chapter on crystal chemistry is likely to be tempered 
by Niggli variations on the more familiar chemical for- 
mulas in standard use for minerals and by the introduc- 

n of a simple shorthand or speedwriting method for 
the “formulation” of the chief minerals. Simple as the 
method is, it gives even the most attentive student one 

re memory system to master. 

‘ollowing 137 pages of chemistry, the author devotes 

than 200 pages to the physical characteristics of 

‘s and minerals. He introduces the student to some 
useful applications of statistical theory to the 


ber 1954 





analysis of mineral aggregates before he deals ex 
haustively with structural and textural features of the 
fabric. His handling of thermodynamics and related 
physical-chemical principles governing the formation 
of minerals and rocks invites comparison with the ap 
proach employed by Turner and Verhoogen, who use 
this subject as a preface and a base for the development 
of igneous and metamorphic petrology. Niggli’s late 
introduction of thermodynamics and physical chemistry 
results in better integration, but he promptly inundates 
his reader with a flood of graphic detail, from which 
the all-important principles are belatedly rescued in 
the « hapter that sets forth the preparatory stages of the 
crystallization processes 
The book ends with a systematic classification that 
will undoubtedly be the focal point of the controversies 
Niggli anticipated. The sedimentary petrologist will see 
little merit in his superficial handling of the exogeneti« 
rocks, in which he obviously took a minor interest. His 
new classification of the endogenetic rocks is far more 
penetrating, although perhaps not as “new” as the 
author thought. To the student who has applied him- 
self to Niggli’s methods, some of which are ingenious 
and all of which are useful, the book will bring a com- 
prehension of petrography and petrogenesis that is 
thorough and profound. It may have the Niggli stamp 
but no more so than petrology according to Iddings o1 
Johannsen. But what great teacher has failed to impart 
a certain degree of idiomorphism to his students? 
Howarp A. MEyERHOF! 


Scientific Manpower Commission, Washington, D.C. 


Petrography: An Introduction to the Study of Rocks in 
Thin Sections. Howel Williams, Francis J. Turner, 
and Charles M. Gilbert. Freeman, San Francisco, 
1954. x +406 pp. Illus. $6.50 

WELCOME addition to a new series of geology 
textbooks is Petrography: An Introduction to th 

Study of Rocks in Thin Sections. The subtitle must 

be used to indicate its full significance, for therein lies 

the principal value. Prior to the publication of this 
book, there existed no modern introductory textbook on 
the petrography of igneous, metamorphic, and sedimen 
tary rocks, based on the study of such rocks in thin 
sections. Too frequently, the study of sedimentary rocks 
has been set apart from the study of igneous and meta 
morphic rocks. The net result has been the neglect of 

the study of sedimentary rocks in thin sections and a 

lack of transition and relation of the three groups to 

one another. 
This textbook is divided into three parts: 
metamorphic, and sedimentary rocks. Each of these 


lgneous, 


parts is organized similarly, with introductory chapters 
on origin, textures, classification, nomenclature, and so 
forth, followed by petrographic descriptions of a few 
broad rock clans in subsequent chapters. In fact, an 
admirable characteristic of this treatment is the attempt 


to confine classification and nomenclature to a few well 
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accepted rock names rather than to confuse the litera- 
ture with newly coined terms. 

The authors have written this textbook on the as- 
sumption that the student is already familiar with the 
megascopic study of rocks in hand specimens and with 
the principles of optical mineralogy. Numerous excel- 
lent photomicrographs of rocks in thin section are of 
value for portraying the mutual relationships among the 
constituent minerals as well as the texture and fabric 
of the rocks concerned. 


In the words of the preface: 


This book deals more with the description of rocks 
than with problems of genesis, more with petrography 
broader field of petrology 


than with the 


This approach is most desirable in an introductory 


course, However, there is sufficient discussion of the 
petrogenesis of rock types and clans to whet the ap- 
petite of the beginning student of petrology. Frequent 
consideration is given to the possible transitional rela- 
tionships between igneous and metamorphic rocks as 
well as criterions for distinguishing between rocks of 
metaigneous or metasedimentary origin, for example, 
the amphibolites. The process and problem of granitiza- 
tion are also discussed to a limited extent. 

It is regrettable that more space is not given to the 
argillaceous rocks, which quantitatively constitute the 
sedimentary rocks. It is 


major subdivision of the 


recognized by the authors, however, that there are in- 
herent difficulties encountered in this group that limit 


their study with the petrographic microscope. 
J. Roperr 
Department of Geology, University of Wichita 
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Don Leet and Sheldon Judson. 
York, 1954. ix+466 pp. Illus. 


Physical Geology. 1.. 
Prentic e-Hall, New 
$6.75. 


HE last few years have seen the appearance of a 

number of excellent new textbooks on physical 
geology. Each of these may be distinguished from the 
old standbys by its profuse illustrations, which include 
large “bleed” halftones and dramatic explanatory dia- 
grams of the various phenomena. Leet and Judson’s new 
book is no exception to this general rule. It is well il- 
lustrated with new figures, diagrams, and photographs. 
Section headings are made to stand out and new terms 
are emphasized with italics. The organization and em- 
phasis are, of course, slightly different from those of any 
other textbook and probably do not coincide with any- 
one’s course outline except the authors’. 

The introductory chapters on the scope of physical 
geology and the materials of the earth are more com- 
prehensive than those found in many other textbooks, 
and they may be just a little heavy on physics and 
mathematics for an introductory textbook. This criticism 
might also be applied to the chapter on earthquakes 
and the earth’s interior. However, the authors state in 
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their preface that this course was followed to 
accuracy at the expense of oversimplification. 

The chapter on sedimentary rocks is possibly « Jig! 
too sketchy, and surely fossils deserve more than a s} 
paragraph. Erosional phenomena are divided injo | 
usual components. The erosion cycle concept is brie/ 
discussed, and the objections to this concept are oy 
lined. As a matter of personal prejudice, a more con 
plete presentation of this subject is desirable, althoug 
in one recent textbook it was ignored entirely. The par 
graph on sediments and related forms is very \ 
presented, although desert erosional forms and _ 4 
erosion cycle in arid regions are neglected. Sine 
live in a country of vast deserts, it would seem desirah 
to give them particular attention, for the benefit 
the casual student 

A similar criticism can be made of the chapter dealii 
with the oceans. Although there is a wealth of unusua 
material presented on submarine topography and oth 
interesting phenomena, there is little space devoted | 
tides, and that ca 
readily be seen by the casual visitor to the ocean beac! 


waves, shoreline forms—things 


discussior 


or lake shore. Strangely enough, the 
igneous activity is widely separated from that of igneo, 
rocks and shares a chapter with metamorphism. Each 
these subjects could be treated individually. 
The concluding chapters on the earth’s age 
in the universe, mineral deposits, and fossil fuels 


well developed, as is the complete and lucid glossary 


» and pla 


The five appendixes contain a wealth of additional i1 
formation, although the time scale and the section of 
topographic maps could be expanded and improved 

All in all, this book represents an adequate approac! 
to the introductory phases of physical geology, with ; 
good coverage of the subjects that the authors considered 
to be important. Probably no single teacher will ever bi 
satisfied with any textbook that he has not written hin 
self so that criticism is actually a matter of person 
prejudice. 

ip R. Macponatl 

Museum of Geology, 
South Dakota School of Mines & Technolog 


The Juvenile in Delinquent Society. Milton L. Barro 
Knopf, New York, 1954. viii +349 pp. Illus. $0.7: 


UCH has been said in recent years about th 
responsibility for the obvious increase in juve! 
delinquency. It is the thesis of Milton L. Barron t 
juvenile delinquency is caused by failure to appro 
human relationships scientifically. This book is p 
sented primarily as a textbook for courses on juve! 


delinquency and criminology. It is also a very readab! 
discussion of the subject, for it is concerned with so 
problems as a whole and with the etiology of so 
disorganization. 

The book is divided into three parts. Each chap 
is followed by questions, research suggestions, and 
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cted readings and references. Part I defines 
cy and considers its dynamics including 
ria! from anthropology, psychology, and_psychia- 
ry. Part IL is an analysis of the etiological factors. Part 
it takes up the disposition and treatment of cases. 
[t is of interest that Barron does not consider juvenile 
cy as a new problem, but as something that 
is extended back through the ages. Besides referring 
the literature, he amplifies his discussion with a 
illustrations by an 18th century artist. This is 
ippy story, but it points out, in the concluding 
ph, that 
It is the duty of the social scientist to add that 
\merican society too is an indivisible whole. It must 
issume an indivisible responsibility for explaining, 
mntrolling, and preventing its problem of juvenile 


del nque ncy. 


James L. McCartney 


Stewart Avenue, Garden City, New York 


eatise on Invertebrate Paleontology. Raymond ( 
Moore, Ed. pt. G, Bryozoa. Ray S. Bassler. Univ. of 


Kansas Press, Lawrence, 1953. 253 pp. Illus. $3. 


OR a century and a half students of fossils have 
been actively engaged in describing the history of 
nvertebrate life as it is recorded in the rocks of the 
irth’s crust. Although this work is far from complete, 
the descriptions already written have served as an e€x- 
traordinarily valuable basis for piecing together and in- 
terpreting isolated fragments of the earth’s history. In 
iddition to their value as indicators of age and environ- 
ment, invertebrate fossils extend our knowledge of the 
ourse of evolution back some 500 million years. But all 
vho have occasion to work with invertebrate fossils have 
wen hampered by the disordered array of pertinent sci- 
ntific literature. It is difficult, even for the specialist, to 
attain any comprehensive view of a major group of in 
vertebrate fossils, except in the relatively rare instances 
where suitable monographs are available. 
lhe aim of the Treatise on Invertebrate Paleontology, 
ibly directed and edited by Raymond C. Moore, is to 
tl] ot 


the need for an authoritative, eoncise summary 

wledge of all groups of invertebrate animals known 

is fossils. When complete it will contain 24 parts. ‘This 

major scientific undertaking, and the present vol 

as the first part of the Treatise to be published, 

be widely hailed as a landmark in the development 
paleontology. 

For students of Bryozoa this will be an indispensable 
ibook. The bulk of the work is devoted to the illus 
nand brief characterization of 1227 genera. These 

re grouped into 158 families and 17 suborders, all of 
which are defined. This description and _ classification 
ther with the painstaking resolution of nomencla- 
problems implicit in such a work) constitutes the 
contribution of the volume. Other parts of the 
are designed to aid the beginner or advanced 


nt in working with Bryozoa. General anatomical 


of major groups are briefly summarized 
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\ comprehensive glossary of morphological terms is 
provided. Laboratory methods for specimen preparation 
are discussed. A brief summary of information on the 
distribution of Bryozoa includes a list of references to 
the more important publications, tabulated according to 
geologic age and geographic distribution. A selected list 
of 129 references serves as a guide to further study 
Workers in many disciplines will be grateful to Basslet 
for this opportunity to view the evolution of a major 
invertebrate phylum through some 400 million years. 

Joun Impru 


/ 


De partment of Geology, ( olumbia l niversity 


Manual of the Plants of Colorado. H. D. Harrington 
Sage Books, Denver. 1954 x bbb pp S8. 


ROFESSIONAL botanists will welcome this exten 

sive treatment of Colorado plants. It is the only 
available book that attempts to cover this state. It 
should be a valuable reference for the central Rocky 
Mountain area in general. 

his manual, written in the terminology of the tax- 
onomist, and without illustrations, is focused on scien 
tific use. It contains a diagnostic key to 117 families and 
further keys to 693 genera and 2794 species, plus many 
varieties and subspecies, with consistently detailed de 
scriptions of all these taxons. The author has used the 
Engler and Prantl sequence for the arrangement of fam 
ilies. He has attempted to bring the nomenclature up to 
date. 

Harrington’s manual is notably inclusive in several r¢ 
spects. It covers not only all groups ot flowering plants 
but ferns and conifers as well. Although based almost 
entirely upon specimens collected or observed, it in 
cludes some plants merely reported or expected, and 
these are listed without descriptions. The author’s exten- 
sive use of synonyms and their placement after the plant 
name instead of at the end of the description is helpful 
Citations are made to the publication in which the 
original description of each species was given. The gen 
eral distribution notes for species are supplemented 
by Colorado collection data, including altitudinal 
range. The Colorado distribution was recorded = on 
species’ maps not reproduced here owing to the con 
tinual change caused by further collecting. A map that 
divides the state into nine arbitrary regions is used for 
distribution reference in most cases. The author predict 
new additions to the flora, especially in the corners of 
the state and in the higher altitudes. The western part 
does not seem to have been covered as exhaustively as 
the eastern part 

\ valuable addition to the manual is the introductory 
discussion of the vegetative zones in Colorado, by David 
Costello of the Forest Service, U.S. Department of Ag 
riculture. This not only names the plants in the various 
ecologic communities but also ties in the influence of 
man on these communities. A glossary and also a list of 
new name combinations are included, although no new 
species 1s proposed. Harrington claims that about on 
out of every 30 of his species has not been previously 


recorded in monographs and manuals 



























The reasonable price for this large volume in its at- 
tractive cover is undoubtedly due to the photo-offset 
process. Reading would have been facilitated if the large 
pages had been divided into double columns. Larger 
type face for the families and page headings giving the 
families would also assist the user. It seems regrettable 
that the extensive material presented here could not 
have been illustrated by at least simple line drawings, 
but this would have necessitated a still larger book or a 
division into volumes. 

Harrier G. BARCLAY 
Department of Botany, University of Tulsa, 
and Rocky Mountain Biological Laboratory 


College Botany. Harry J. Fuller and Oswald ‘Tippo. 
Henry Holt, New York, rev. ed., 993 pp. 
Illus. + plates. $6.90. 


1954. xiv 4 


O add to the number of botany textbooks for col- 

lege students requires real courage and a convic- 
tion that the product is of equal or higher quality than 
other current textbooks. That College Botany, first pub- 
lished in 1949 and revised in 1954, is superior in quality 
is evidenced by its having won a place among the three 
or four top ranking botany textbooks. 

The book may appear to cover more material than 
can be mastered in a year’s course in general botany. 
This, however, makes it more adaptable for use in 
varied types of courses than would be possible in a 
less comprehensive volume. In addition to the usually 
included subjects of most textbooks, such as the mor- 
phology, physiology, and reproduction of seed plants, 
and a treatment of selected plant groups, there are 
extensive discussions of soils and fertilizers, variation 
and heredity in plants, metabolism, growth and irrita- 
bility, and brief but significant information pertaining to 
plant evolution, the relationship of plants to their en- 
vironments, the influence of plants upon human life, 
and the history and development of botanical science, 

At the conclusion of the text there are nearly 1000 
topics and questions for study, more than 550 summariz- 
ing statements, and 211 suggested readings for interested 
students. The text is well supplemented and illustrated 
with numerous halftones, line drawings, two full-page 
«olored plates, and an extensive geologic timetable. 
Preceding the well-prepared index is a glossary of 734 
botanical terms. ‘The use of boldface and italic type to 
emphasize important words and topics, the selection of 
numerous and appropriate subchapter headings, the 
methods of labeling illustrations, and the avoidance of 
long and complicated sentences make the textbook a 
most readable and teachable one. 

Although the 1954 revision contains a number of 
changes, there is no major revision or rewriting of topics 
and chapters. In keeping with the latest discovered facts 
and accepted theories, the authors have included three 
changes of special note: on pages 317 and 327 they re- 
cord the presence of xanthophylls and carotenes associ- 
ated with chlorophyll rather than a single xanthophyll 
and carotene, as is given in many textbooks; on pages 
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924—25 the cedar-hemlock forest of the Pacific Nort} 
west is cited as climax vegetation rather than the Doyp 
las fir forest; and on page 373 one finds that oxyge, 
incorporated into carbohydrates in photosynthesis is ¢ 
rived from carbon dioxide rather than from water. This 
latter discovery was made possible by the isotope tec] 
nique. 








I recommend this book with real enthusiasm becanys 
of its thoroughness, range of subject material, accuracy 
and readability. 







Howarp E. McMiny 
Department of Botany, Mills College 












Vertebrate Dissection. Warren F. Walker, Jr. Saunders 
Philadelphia—London, 1954. ix + 331 pp. Illus. $3.5 






N adequate review of such a book as this could | 

written only after the book had been used in th 
laboratory. The book quite naturally deals with th 
usual laboratory materials and usually in approximately 
the usual way. Perhaps these facts make it difficult fo 
a reviewer to see the ways in which this manual is di 
ferent. 













The author has selected Squalus, Necturus, Felis, an 
Lepus as representative types to illustrate the major a 
atomical changes in the evolution of vertebrates. How 
ever, the protochordates and cyclostomes are also i: 
cluded. The inclusion of these latter forms is evidenth 
part of the “flexibility” mentioned in the preface; flex 
bility, as used there, means omission of parts for th 









convenience of shorter courses. 





As a comparative anatomist, I wish there had be: 
some discussion of reptiles and birds. Birds, of cours 
are “off the line of evolution,” so to speak, and are onl) 






infrequently dissected in beginning courses in compara 
tive anatomy. Reptiles, on the other hand, are squarel) 
in the picture of vertebrate evolution. No doubt, th 
animals of these classes were omitted because of limita 
tions of space in the book and of time in the laboratory 
The author does include two mammals, however. 









These remarks are not so much critical of this mai 





ual as they are of the content of courses in comparati\ 





anatomy. Too frequently, it seems to me, these courses 





cater to the desires, not necessarily the needs, of pr 





medical students. ‘This results in the overemphasis 0! 
mammals, as the 





things to man.” A_ broad 


foundation in comparative anatomy cannot be proper! 


“closest 






attained under these conditions. Premedical students 
and they form the bulk of our enrollment in compar: 
tive anatomy—do not in the long run benefit from this 
plethora of work “to help them in medical school 
They need an understanding of structural and cultura 
values of animals in general, not of mammals alo 
Vertebrate Dissection is designed for the averag 
course in comparative anatomy. The treatment is ex 
cellent and the directions are clear. Students who work 













through this manual and study it will encompass a grea 
deal of knowledge. It fulfills its circumscribed purpos' 





Harvey I. Fist 
Department of Zoology, University of Illinois 
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Medical 
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The Size and Growth of Tissue Cells, Joseph G. Hoffman 
Thomas). Reviewed by William R. Duryee. 


20 August 


Nucleo-Cyto plasmic Relations in Micro-organisms, Boris 
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home The Trumpeter Swans 
Xii+ J Just a word of deep appreciation for the beautiful 

id appealing photograph of the trumpeter swans on 
“sues. H. July cover. Some years ago I participated in a 
— bmpaign for the protection of this remarkable bird, 

” BBhich was saved from extinction through the efforts of 
1954 [lhe authorities of one of the states. 

In the recent annual report of the National Parks, 
istry, Mhe director, Conrad Wirth, states that the number of 
lakis- Hihose swans counted in an aerial survey over Yellow- 

one Park—74 adults and 17 cygnets—was “approxi- 

Ost. ately the same as for several years.” Hence, one may 
= sume that this species is at least holding its own. 
C. M. Goerut 
Yavid Meacramento 14, California 
thap- 
“ Parapsychology and Dualism 
"res | am greatly interested in your leading article of 
PI Huly 1954, entitled “Parapsychology and dualism.” 
don, alter. enumerating telepathy, clairvoyance, psycho- 
inesis, and precognition as being subjects of experi- 
Mc. ment with parapsychologists, the author says: 
t()? 

Although some careful skeptics are still not satis- 
or fied with some of the experiments, for the present 
se t is assumed that, under adequate experimental 

control, there is a considerable body of valid phe- 
_ nomena of the kind outlined in the preceding sec- 
954 tion and referred to by Rhine’s school as psi phe- 

nomena. [p. 2] 
bet e e 
Qs But while to Rhine’s school these admitted results of 

*xperiments, carefully made, seem now and _ forever 
pts. eutside the realm of what the author defines as ‘““mecha- 
Hill, MBPistic,” the author puts them in the limbo of the as yet 
50. HBnexplainable in that realm, but feels convinced that 
Rev. B§uch of them as are sound will eventually fall therein. 
9 Chis distinction is of great interest. For all religions, 

hith whatever of good has come from the adherence of 
i Puultitudes to them, depend fundamentally on the belief 
; | [peat there is a second realm, not “mechanistic.” On the 
son feptuer hand the present practice of communism in 
and (eRussia, which is the dreaded enemy of our time, is 
pp. fepased on a frankly “mechanistic” philosophy. 

Cuarces G. ABBoi 
el- BS mithsonian Institution, Washington 25, D.C. 

Iti- 

ew I greatly regret that my attempt at analysis is con- 
sidered as giving aid to the forces of darkness; since 

™m™ §Pr. Abbot has raised the point, I wish to dissent from 

] phat he seems to imply by the correlation. As Dr. 

Op print ‘um points out [Sc7. Monthly 79, 13 (July 1954 

@ theory may be false and misappropriated for dubious 
ye eeocial ends but not false because so misappropriated. 
w I do not believe that the good in religions necessarily 






fepends on dualistic belief; nor do I believe that the 
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mechanistic 


evils of communism are based on the 
philosophy. Values are not implicit in, or excluded by, 
cither dualism or mechanism. Man may aspire and give 
loyalty to ideals of the good and true measured against 
a rational single standard as well as against a dual 
standard. 

RoLtaAND WALKER 
Department of Biology. 
Rensselaer Polytechnic Troy, Neu 


Institute, Y ork 


A Walt Disney in Ancient Egypt 


Everyone likes to speculate about the origins of in 
ventions and customs. When did man first make fire. 
and how did he learn? When was the first wheel in- 
vented? Who first thought of making a mold for casting 
metal? What thoughts and experiments could have re- 
sulted in making a serviceable alloy from copper and 
tin? Who first felt the desire to draw pictures? 

Some of the realistic 


most early drawings of wild 


animals were done in color on the walls of caves in 
France and Spain. The artists were men of the Old 
Stone Age, a period of indefinite length, which occurred 
in Europe many thousands of years ago. But these cav: 
pictures are not humorous. In fact the suggestion has 
been made that they played a part in magical rites con- 
nected with hunting, which was the principal means of 
livelihood of Stone Age man. 

When 


animal drawings? 


did an artist first introduce humor into his 
Anthropologists are always reluctant 
to assert that they have discovered the very first example 
of any invention, process, or custom, because the gen- 
of further 


origin far back into periods long before the invention 


eral result research is to push the time of 
of paper and writing. 

in the sketching of animals is con 
that the efforts of Walt 


Disney and other artists were anticipated by about 3000 


So far as humot 
cerned, I believe charming 
years. I have made a copy of a drawing of animals in 
comic situations sketched by an Egyptian artist of whom 
we know very little. Even his name is not on record 

At an early date the Egyptians had discovered th 
art of making a kind of from a 
papyrus that extensively in the 
Nile River, especially in the delta. A bundle of unused 
S000 B.c.. 


paper reed named 


grew marshes of the 
papyrus was found in a tomb dated about 
and on material of this kind our Egyptian humorist 
recorded his impressions of animals placed in quaint 
situations. 

He has based his animal antics on a principle that 
is followed today in motion pictures and comic strips; 
the humor lies in the sharp contrast between the ani- 
mals’ activities in the pictures and their habits in real 
life. In No. 1 a mouse is seated on a chair holding a 
fan in its paw, while another mouse stands behind, hold- 
ing a fan. This, of course, is a representation of an im- 
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portant person with a slave to fan him during meals, Evidently the cat of tabby type was kn 
according to Eastern custom. The meal consists of early in Egypt, for in No, 3 the cat who 
pumpkins, and the one with the curved neck is com- marches the geese has markings that represent 
monly grown today. On the right, a cat, implacable our modern tabby. 

enemy of the mouse, is offering a symbol of peace, an T. G. H. James of the British Museum 
olive branch, The artist has followed a common Egyp- kindly answered my questions as far as pos 
tian custom of drawing in profile; he has given the chair said there was no objection to use of the dr: 
no perspective. though the name of the artist is unknown, it 
Picture No, 2 shows our old friend the fox peacefully lished that the papyrus was decorated about 
employed in herding young goats, animals the fox is 1100 B.c., and that the artist was employed i: 
much more likely to regard as dainty suppers. The fox- tery at Thebes. Moreover, this papyrus is not 
herdsman carries his baggage on a stick, and the fox example of its kind, for copies of similar s¢ 
who brings up the rear is playing on pipes that probably been made by French archeologists. 

represent the ancient wind instrument known as Pan The artist whose work I have copied, and othe 
pipes, of very wide geographic distribution. signers of similar ability, were employed in 


that daily associated them with death and burial. | 


as required labor in decorating tombs, and perhaps 
personal amusement as well, they created these q 
animal antics. How little they thought that their 


f y 
") tive ability anticipated an American million-dolla: 
ed 4 (Uy £6 dustry by about 3000 years. 
ot Witrrp D. Hay 
— Curator of African Ethnology (retired), 
Chicago Natural History Museum 


Logic or Beauty? 

I would like to reply to a criticism by A. Low 
Sct. Monthly 78, 399 (June 1954 

It is true that the ultimate goal of theoretical pl 
is merely to get a set of rules in agreement wit! 
periment. But it has always been found that highly 
cessful rules are highly beautiful and ugly rules ai 
only restricted use. In consequence, physicists gene 
have come to believe in the need for physical th 
to be beautiful, as an overriding law of nature. It 
matter of faith rather than of logic. 

When quantum mechanics was first discovered 
beauty led to the great enthusiasm with which it 
immediately taken up by the world’s physicists. 0 
after years of patient working out of details did 
vonderful agreement with experiment gradually 
revealed. 

Present-day theories about the nature and stability 
the elementary particles have little beauty, so 
should not be surprised at their success being limit 
One may confidently expect them to be only a_passilf 
phase in the progress of physics and to be supersec 
in the course of time by a new theory whose first cl 
to attention will be its beauty. 

The situation is well illustrated by a story that \ 
told to me by E. Schrédinger. In the early 1920's, wh 
physicists had only the Bohr theory of the atom to 
with, Schrédinger got the idea that it should be poss 
to obtain the energy levels of an atomic system by s 
ing an eigenvalue problem. He worked on this idea! 
a number of years and eventually, aided by de Brog! 
theory of plane waves associated with the motion 
free particles, thought of a beautiful equation with ! 
operators 5 /5t and 6/6x taking the place of the ene! 
and momentum. 
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‘diately applied this equation to the hydro- 
treating the motion of the electron relativ- 
e worked out the eigenvalues and found that 
ot agree with the observed energy levels. 
pancy was due to the fact that in those days 
d not know about the spin of the electron, 
idinger had not taken it into account. Schréd- 
luded that his equation was a failure and was 

cted about it and abandoned it. 
| months later he went back to it and noticed 
at if he was less ambitious and contented himself 
th working nonrelativistically, the results agreed with 
xperiment in nonrelativistic approximation. He then 
rote up the nonrelativistic theory and published it, 
nd so the famous Schrédinger wave equation came to 

presented to the world. 

[he moral of the story is that one should have faith 
. theory that is beautiful. If the theory fails to agree 


th experiment, its basic principles may still be correct 


nd the discrepancy may be due merely to some detail 


will get cleared up in the future. 
P. A. M. Drrac 
dee University, England 


| am interested in the complete assurance of Armand 
winger’s denial: “The beauty of the theory had ab- 
olutely nothing to do” with its acceptance by “the 
hysicists.” How does he know this? How can anyone 
know all the factors underlying the acceptance of a 
heory by any physicist, let alone by “the physicists’? 
Even if indeterminacy were not the hard pill it is for 
physicist, so that its acceptance must be what we 
cht call a compelled acceptance—owing to the com- 
ulsion of experimental fact and logic combined—other 
d subjective factors can hardly be excluded, unless 
ne has access to those wider judgments about the con- 
Biitution of nature that play in the mental background 
that various group of persons, “the physicists.” 
| am also interested in “the beauty of the theory.” 
Vhat precisely is meant by this phrase? It occurs to me 
iat one needs to know this meaning before dogmatic- 
lly asserting its irrelevance. My impression has been 
hat “beauty” in mathematics is akin to “power”; an 
elegant” demonstration, for example, is one that ac- 
omplishes its deduction with a minimum of apparatus. 
f this impression is correct, the “beauty” of a theory 
vould be akin to the simplicity of its most general 
ormulas and to the clarity of the lines from these 
ormulas to the experimental situation. Am I right or 
Hong in supposing that the compactness of Einstein’s 
ormula for the relationship of mass and energy had 
omething to do—after experiment had brought some 


onfirmation—with its fairly general acceptance? 


Jetober 1954 


We need not go back to the time when Kepler found 
a few pleasantly neat formulas for planetry movements, 
actuated by a preconceived belief that nature would do 
things on a plan having a certain “harmony” of its own, 
Insofar as “the physicists” accepted Kepler’s laws, they 
did so because of the laws’ approximate verifiability, not 
because of any beauty in the theory itself. Yet if we 
could get at the full psychology of those who accepted 
Kepler, or of those latet Newton’s 
‘powerful” unification of theory, I should not think less 
of them as scientists if they had been to some extent im- 


who accepted 


pressed by the “beauty” of the thing, as an additional 
item of confirmation. Would you? 
ERNEST HockING 


Alford Professor Emeritus ‘Philosophy Ne 
Harvard University 


In Defense of the Passive Voice 


The passive voice of the verb has been scolded lately 
by commentators on technical writing. May I use it 
and say a 


occasionally (as in the preceding sentence 


few words in its defense? It is possibly in need of a 
little moral support 

Sometimes the passive voice has the merit of placing 
the real subject at the beginning of the sentence, where 
it belongs. Would the first sentence of this note be any 
more effective if it read: Commentators on technical 
writing have lately been scolding the passive voice of 
the verb? In comparing the two sentence forms, bear 
in mind that the subject to be discussed is not com- 
mentators but the passive voice. 

Here is another example: (i) Spectrograms of Nova 
Whosis were obtained at Mount Wilson every night in 
July. (it) I obtained spectrograms of Nova Whosis at 
Mount Wilson. . . . I think that version (i) 


preferable unless the writer wishes to emphasize that he, 


is usually 


not somebody else, took the spectrograms. 
PauL W. 


Obse rvatorieés, 


MERRILL 
Mount Wilson and Palomar 
Pasadena 4, California 


Not Mark Twain but Warner 


Home Book of 


1952), it was Charles 


According to Burton Stevenson's 
Quotations (Dodd, Mead, ed. 6, 
Dudley Warner, in the Hartford Courant, who said of 
the weather, “everybody talks about it but nobody does 
anything’—a remark often attributed to Mark Twain 
[see, for example, Sci. Monthly 78, 339 (1954) 

RicHarp S. WorMSER 
22 West 48 Street, New York 36 








ASSOCIATION AFFAIRS 


PROGRAMS OF THE BERKELEY MEETING, 
26-31 DECEMBER 1954 


Advance indications last spring that this year’s 
121st meeting of the Association at the University 
of California at Berkeley would be the largest di- 
versified scientific meeting ever held on the Pacific 
Coast are being realized. In addition to the pro- 
erams of the Association and its 18 sections, 59 
societies and other scientific organizations have 
scheduled more than 300 sessions; another 30 so- 
cieties will cosponsor appropriate symposiums. It 
will also be one of the largest meetings in the long 
history of the AAAS, now in its 107th year. 

The size of the attendance, however, is only one 
aspect of a successful meeting. It assures that one 
will find friends and coworkers in one’s specialty 
also attending the meeting, but the physical ar- 
rangements, the quality of the programs, the op- 
portunities to meet scientific leaders from other 
parts of the world, the impact of new concepts, and 
the general stimulation of informal discussions are 
all factors of importance. In these respects, too, the 
Berkeley meeting should be particularly satisfac- 
tory. 

The campus of the University of California, 
which is remarkably compact for so large an in- 
stitution, has an adequate number of well-equipped 
session rooms. With the exception of the National 
Geographic Seciety’s annual lecture and accom- 
panying film, to be held in the Berkeley High School 
auditorium, and the sessions of Section P at the 
Hotel Claremont, all sessions for papers, symposi- 
ums, and evening addresses will be held on the cam- 
pus. Center of the meeting is the large Gymnasium 
for Men, which will house the one AAAS Registra- 
tion-Information Center, the Visible Directory of 
Registrants, the AAAS Science Theatre, and the 
AAAS Annual Exposition of Science and Industry 

-with 114 booths. Directly across the street, the 
University of California Alumni Association has 
generously made available its new luxuriously fur- 
nished Lounge for all who attend the meeting. A 
variety of university laboratories and museums will 
be of interest to scientists in all principal fields. 

An unusual variety of housing accommodations 
are available, ranging from the university dormi- 
tories—two persons to a at the nominal 
charge of $2 each the first night, $1 per night 
thereafter—and International House, to hotels and 
motels. Although single rooms near the campus are 
now scarce, there are ample accommodations in 


room 


270 


Berkeley, at moderate rates, if colleagues will shay 
a twin-bedded room. Four university cafeteria 
grouped in one central location will be particular) 
convenient for luncheons and dinners, The (aj. 
fornia Academy of Sciences in Golden Gate Pay, 
San Francisco, has issued an invitation to all vig. 
tors to tour the Science Museum with its scieny 
library and research departments, the Steinhar 
Aquarium, and its new Morrison Planetarium (a4. 
mission free to all registrants). 

The 121st meeting will have a decidedly inte. 
national aspect resulting from the concurrence 6 
the Third Berkeley Symposium on Mathematic; 
Statistics and Probability, a 4-day Internationa 
Conference on Animal Venoms, and the progray 
of the International Union for the Study of Socis 
Insects. The American Physical Society has «x. 
ranged for the presence of Fritz Zernike, 1% 
Nobel prize winner from the Netherlands. Beside 
the scientists from Europe and the Eastern Hem 
sphere, a heavy representation from Hawaii, +! 
Philippines, and other Pacific areas is anticipat 
In addition to the annual Academy Conferen 


made up of delegates of the 42 academies of sciencff 


affiliated with the Association, there will be t 
recurrent Conference on Scientific Editerial Pr 
Jems and the Conference on Scientific Manpow 
The following data on participating organizati 
and programs indicate the scope and quality of t! 
meeting. 


AAAS as a Whole 


General symposium, Science I. “N 
tural resources: power, metals, food,” arranged 
Louis B. Slichter; II. “Population problems, 
Curt Stern; IIT. “Impact of science on society, 
Roger R. Revelle, 27—29 Dec. 

AAAS presidential address by E. U. 
reception, 28 Dec. 

AAAS Council meetings, 27, 30 Dec. 

Biologists’ smoker (for all registrants), 30 De 


and Soctety: 


Condon, 


(Note: For brevity, except for certain joint p 
grams, official cosponsorships have been omitted 
the following tabulation. ) 


A—Mathematics 


} 


Section A and the American Mathematical Societ)- 
Five sessions for contributed papers and invit 
addresses, arranged by R. E. Langer and DP. ! 
Lehmer, 30-31 Dec. 

American Statistical Association and Pacific Cos 
Committee on Statistics of the Social Science Ri 
search Council—Arranged by Maurice I. Gershi 
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,—Phy 


Contributions of statistics to physics,” and 
Regional indexes of business activity,’ 27 Dec.; 


son 


Regional unemployment estimates,” 28 Dec. 


Instit of Mathematical Statistics—Sessions for 


| share papers, arranged by Leo Katz and Evelyn Fix, 2t 

teria De : 

“ular Dhird Berkeley Symposium on Math matical Statis- 
( x ind Probability, sponsored by the Statistical 
Pari Laboratory of the University of California, ar- 
“a ranged by Jerzy Neyman, director, and Elizabeth 

I vis |. Secott—‘‘Mathematical statistics” and “Statistics 

CleNCe in biology and genetics,” 27 Dec.; “Statistics in 

inhar medicine and public health,” 28, 29 Dec.; “Mathe- 

(ad. matics” and “Statistics in psychology,” 30 Dec.; 

Statistics in industrial research” and “Statistics in 
inter. physics,” 51 Dec. 

Ce of [here will be a joint beer party and dinner for all 

atical statisticians and mathematicians. 

‘onal : 
yran }—Physics 

socia {merican Physical Society—About 30 sessions of ‘on- 
aul tributed and invited papers, on nuclear physics, at 
195 ranged by A. C. Helmholz; high-energy machines, 
.: by E. J. Lofgren; solid-state and microwave phys 
a s, by Charles Kittel; electron physics, by Daniel 
en \lpert and Leonard B. Loeb; theoretical physics, 
tne by Edward Teller; astrophysics, by Otto Struve; 
ate ind instrumentation, arranged by Joseph Kaplan 
nc ind W. A. Nierenberg, 28-30 Dec; physicists’ din 
ence q ner, cosponsored by Section B and Sigma Pi Sigma 

10 Dec. 

robe =-lmertcan Meteorological Society—Symposium, “C] 

" matology,” 28 Dec.; and six or more sessions fon 
E contributed papers, arranged by Kenneth C. Speng 


el 


»C—Chemistry 


Section C and the American Chemical Society, Cali- 
Vp fornia Section—Symposium, “Petroleum  chem- 
bi istry,’ arranged by John W. Givens, 27 Dec.; sym- 
posiums, “Viruses” and “Nucleic acids,’ arranged 

by Wendell M. Stanley, 28 Dec.; s) 

E “Chemistry in the harnessing of biological re- 
sources,” arranged by J. C. Lewis, 29 Dec.; ses- 


symposium, 


4 sions for contributed papers, 26, 30 Dec.; chemists’ 
dinner and vice presidential address by Wendell M 
Latimer, 29 Dec. 

llpha Chi Sigma—Chemists’ luncheon, 28 Dec. 

Pacific Southwest Association of Chemistry Teach- 

rs—Sessions for contributed papers, arranged by 
Mother Agnes Schmit, 28 Dec. 


es 
©» D—Astronomy 
: ) 


ae 


Section D and the Astronomical Society of the Pacific 
Symposium, ““Nebular red shifts,” 27 Dec.; sym- 

2 sium, “Spatial distribution of galaxies,” 28 Dec., 
nd symposium, “Distribution of stars in the Rus- 
il-Hertzsprung diagram,” 29 Dec., arranged by 

Louis G, Henyey, Jerzy Neyman et al.; sessions fo1 





Baccano egy 


October 1954 


contributed papers, 27—29 Dec.; society dinner and 
vice presidential address, “The new science of 
radio astronomy,” by Bart J. Bok, 29 Dec.; trip to 
Lick Observatory, 30 Dec. 
\Veteoritical Society 
4 


arranged by John A. Russell, 28, 29 Dec. 


Sessions for contributed papers, 


E—Geology and Geography 


Section E 
cosponsored by the Association of American G 
raphers, Pacific Division and the Association 
Pacific Coast Geographers, 28 De 


Contributed papers in general geography 


sympostuln 
“Earth sciences from the air,” arranged by Parke 
D. Trask, and geologists’ smoker and vice pre siden 
Burrill, 2y Dec * con 


tributed papers in general geology, cosponsored by 


tial address by Meredith F. 


the Geologi al Society of America, 30 De 

Irctic Institute of North America—Sessions for 
papers on arctic science, arranged by John L. Mohr 
and Joseph T. Flakne, jointly with the Wester 
Society of Naturalists, 28-30 Dec. 

Division of Mines, State of California—Mineral ex 
hibit of the Division and large relief map of Cal 
fornia, in Ferry Building, San Francisco, ope: 
daily, 9 a.m. to + p.m. Geologic field trip of tl 
Bay Area and central coast ranges, arranged by 

Olaf P. Jenkins and Gordon B. Oakeshott, 28 De« 


Vational Geographic Society—Annual illustrated | 
ture with AAAS, 27 De 
Vational Speleological Society—Session for papers 
and business meeting, arranged by Burton Faust 


27 Dec 


F—Zoological Sciences 


International Conference on Animal Venon ar 
ranged by Nandor Porges, jointly sponsored by 
Sections F and N—10 or more sessions on. all 
phases of all groups of venomous animals, 

Dec. 

Cooper Ornithological Society 
uted papers, arranged by Frank A. Pitelka, 29 De« 

Herpetologists Angus M 


Woodbury and Joseph Gorman: symposium, het 


session for contrib 


League Arranged by 


petologists’ dinner, 29 Dec.; and sessions for con 
tributed papers, 29, 30 Dex 

International Union for the Study of Social Inse 
Symposium, arranged by T. C. Schneirla, 28 Dex 

Society of Systematic Zoology and SSZ Pacific Se¢ 
tion—Arranged by R. E. Blackwelder and Robert | 
C. Stebbins: council meeting, symposium, “Ani 
mal courtship,” film and public lecture on Afri 
can animals, 27 Dec.; session for papers, open 
house at California Academy of Sciences, council 
meeting, 28 Dec.; business meeting, panel on mu 
seums, symposium, “Desert evolution,” 29 Dec.: 
session for entomological papers, jointly with the 
Pacific Coast Entomological Society, symposium 
‘Australian mammals,” 30 Dec.; zoologists’ din- 
ner and vice presidential address by H. W. Stunk- 


ard, cosponsored by Section F, 30 Dee. 


























k(s—Biological Sciences 

lymerican Society of Limnology and Oceanography 
Sessions for contributed papers and business meet- 
ing, 28-30 Dec.: 
biological oceanography,” arranged by Robert W. 
Hiatt, 30 Dec. 


Society of 


symposium, “Recent advances in 


{mericar Naturalists 
Dev 

Beta Beta Beta—Special meeting of Western Region, 
arranged by Lloyd M. Bertholf, 30 Dec. 

Society, WNAR 
Douglas G. 

27 Dec. 

Society of 


Symposium, 29 


Biometru Sessions for papers, ar- 


ranged by Chapman and Elizabeth 
Vaughan, 

E ologi al 
Section 
nt 


ecologists’ dinner, 27 Dec.: 


ESA Western 
LeBarron and 


and 
Russell K, 


Stone: sessions for contributed papers and 


America 


Arranged by 


session for papers and 
symposium, “Dew as an ecological factor,’ 28 
Dec.; field trip to Muir Woods (redwoods) and 
Stinson Beach State Park, 29 Dec. 
National Association of Biology Teachers 
by Brother H. Charles: 
Dec.; films and panels, “Biology for pleasure” and 
28 Dec.: 
luncheon, and panel, “Biology 
29 Dec.; field trip to Mui 
Beach State Park, 30 Dec.: 
business meetings, 30, 31 Dec.: conservation edu- 
cation, 31] Dec. 


Arranged 


business meetings, 27, 28 


“Biology for living,” 
NABI 
laboratory problems,” 
Woods and Stinson 


panel, “Biology for 


survival,” 


Society of General Physiologists—Sessions for invited 
papers, arranged by John Buck, 30 Dec. 
Weste rm Soc ty of Naturalists 


resources of the West,” arranged by 


Symposium, “Natural 
Arthur C 
Griese, and invited papers in natural history, ar- 
ranged by John L. Mohr, 27 Dec.; 
on “Photochemical effects in biological and_ bio- 
arranged by A. D. McLaren, 


contributed papers in parasitology and 


invited papers 


chemical systems,” 
27, 28 Dec.: 
business meeting, 28 Dec.; symposium, “The cell,” 
Daniel Mazia and Roger Y. Stanier. 


invited papers on 


arranged by 
“Teaching problems in biology,” 
contributed papers in histology-embryology, con- 
tributed papers in ecology, naturalists’ banquet and 
29 Dec.; contributed 


presidential address, papers 


in physiology, 30 Dee 


(;—Botanical Sciences 
Section G and Botanical Society of America, Pacifi 
Division 
by Adriance Foster, and botanists’ dinner and vice 


presidential address by Stanley A. Cain, 30 Dec. 


Symposium on plant anatomy, arranged 


cosponsorship of symposiums of following G_ so 
cleties. 
{merican Phytopathological Society, Pacific Division 
Arranged by William B. Hewitt: conference on 
control of soil microorganisms, 27 Dec.; symposium, 
“Crop sequence and plant disease control,’ and 
phytopathologists’ banquet, 28 Dec.; demonstra- 
tions, sessions for invited papers on soil-borne virus 


diseases, sessions for contributed papers and sym- 


posium, “Mode of survival of plat 
the soil,” 29 Dec. 

American Society of Plant Physiologist 
tion—Symposium on mineral nutr 
bv Perry R. Stout, 29 Dec. 

Mycological Society of America 
sicochemical 


sym 
control of structural 
in the fungi,” arranged by Ralph Em 


session for contributed papers, 29 De 


H—<Anthropology 


Section H—Arranged by Gabriel Lasker 
“Indians of western North Ameri 
for contributed papers, 28 Dec.; sym, 

ture change in the Pacific region,” a: 

contributed papers, 29 Dec.; sympos 

of industrialism,” and session for contribut 


pers on demography and human evolut 


I—Psychology 


I—Sessions for 
arranged by John P. Seward, and 
T. W. Forbes, 28 D 
for invited papers on brain function 
Donald B. Lindsley, and on human 
arranged by Arnold Small, and vic« 
address by Donald B. Lindsley, 29 De: 
Society for Research in Child Development 
for contributed 
Stoltz, 27 Dec. 
Western Psychological 
Rheem F. 


psychoanalytic theory’ and 


Section invited papers 


safety, arranged by 


papers, arranged by 
Association—Arrai 
Jarrett: symposiums, ‘Present 
Ck 
personality and intellectual development 
10 Dew 


differe: 
symposium, ercepuion, 


K—Social and Economic Sciences 
Section K, Asso 
Panels, ““Regional economic analysis, 
David Revzen, and “Cost-benefit ana 
ural resource development,” arrang 
Upchurch, 28 Dec.; 


tion,” arranged by Calvin F. Schmid, a 


Western Economt 


panels, “Trends 
of cities,’ arranged by Leonard Bro 
panel, “Organization of research for 
Ernest A. Eng 


social sciences dinner and vice presidi 


opment,” arranged by 


“International consequences of scient 
by John B. Condliffe, 30 Dec. 
AAAS Committee for Social Physics 
Stuart C. Dodd: 
“Diffusion theory,” “Human values 
27, 28 Dec. 


sessions for mvi 


and “Isomorphisms, * 
National Academy of Economics and 
ence with the collaboration of Pi § 
Symposium, “National defense agai 
tack,” arranged by Donald P. Ray, 
Society for the Advancement of Crin 
posium, “Education in criminology 
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nstein, business meeting, and dinner, 


programs of the American Statistical 
d other 


\—Mathematics. 


groups in Statistics will be 


History and Philosophy of Science 


| Philosophy of Science Association 
“International aspects of the philoso- 
ce,” “National loyalty and security in 
idealism,” and “Meaning of 
arranged by Ray- 
ger; symposium, “Scientific preparation 
ilth profession,” arranged by D. Bailey 


scientific 


scientific theories,” 


| a symposium, “Induction,” arranged by 
rankin, and sessions for contributed pa- 
Dec.; and vice presidential address by 


}), Leake, 30 Dec. 


—  ngineering 


\f Symposium, “Air pollution,” arranged 
B. Hitchcock, 29 


arranged by Eugene F. 


Dec.; symposium, 


Mur- 


devices, ’ 


\ledical Sciences 


Four-session symposium, “Physiology of 
th normal and abnormal,” arranged by How- 
R. Bierman, and including the vice presidential 

Charles Huggins, 27, 28 Dec. 

lon Delta Maurice L. 

symposium, “Preparation for medical edu- 
the liberal arts college,’ luncheon, and 


Arranged — by 


discussions on premedical education, 


Svm- 
forensic sciences, arranged by Ralph F. 
9 Dec. 
vciation of Hospital Consultants 
hospital problems, arranged by Jack 
Dex 
ychiatric 


loade my of Fore nNSl¢ Scte nces 


Svim- 


Association—Symposium on re- 
ces in psychiatry, arranged by Jacques 

5) Dec. 

Veterinary Medical 
Joseph M. Arburua: sessions for invited 
animal and 

Dec 


Asso¢ tation Ar- 


diseases, luncheon, social 
ratory of Biophysics, University of Cali- 
»ymposium, “Cell biophysics,” arranged 
us A, Tobias, 30 Dec. 

Biochemical Conference—Sessions for 
papers, arranged by David M. Green- 
a 

Experimental Biology and Medicine, 
California and Pacific Coast Sections 

“Adrenal-pituitary relationships,” ar- 
Robert H. Dreisbach, 

papers, 28 Dec. 


and session for 


Society of American Bactert gists, So 
Northern Caltfornia-Hawaii I 


Sessions tol 
Frances A 


fornia and 


contributed papers, arranged 


Hallman and H. J. Phaff, 28 De 


Section Nd—Dentistry 
Section Nd, Ameri an ( Olle & if Dentists. {oer 17 
Dental Association and North Divisior 
of International Association for Dental Research 


American 


Symposium, “Growth and development,” arranged 
“Radi 


arranged by 


by Wendell L. Wylie, luncheon, symposium, 
ation hazards in the dental office, 
Gordon M. Fitzgerald, 28 De« 


Section Np—Pharmacy 
Associatio? 

American College of 
Drug Manufacture rs 
Section of 


Section Np, Americar 
{pothe 


Association, 


Pharmacy, 
American 
entific 
ciation, American Pharmaceutical Manufacturers 
and Hospital 
Arranged by Donald C. Brodie: 
posium, “The pharmacy internship” and three ses 
8, 29 De 


American Pharmaceutical Ass 


Association. lmerican Society of 
Pharmacists svm 
sions for contributed papers, 


O—Aegriculture 


Section O Symposiums, cosponsored by the Westerr 
Society of Soil Science, “Soil management prob 


lems in western agriculture.’ arranged by H. B 


Cheney, and “Water supplies and irrigation,” a1 
ranged by F. J. Veihmever, 27 De 
“Seed production in the western states,” 
by Frank G. 
tural crops,” 
Dec. 


symposiums, 
arranged 
“Problems in horticul 
MacGillivray, 


Parsons, and 


arranged by John H 


P—Industrial Sciences 
rOoUuTK | 


Vection P Allen J Bonnell 


table Sessions on “Baste research cCOntTrIDULLIONS of 


Arranged by 


eovernment, industry, and versity, ind 


luncheon, 30 Dec 


OQ—Education 


Section O—Sessions for contributed 29 


) papers 
Dec.: concurrent sessions, jointly with Americar 
Educational Research Association, 27 De svm 
posium on arranged by N 
Franklin Stump, 28 Dec with 
the Inte 


dren. on the 


visual performance, 
symposium, 
for Exceptional 


and vice 


JOINTLY 
rnational Cour 
exceptional child, 
tial address by George C. Kyte 
AAAS ( 
Science 
Mavor: 
“Science teachers for tomorrow,” 30 De 
National Science Teache {ssociatior Arranged by 
Stollberg: panels, “Role of science in the 
Keeping Ip 


buffet supper and social 


yprimmitte 


and Vath matics 


papers, panel, 


Arranged by 


and evening i 


Ri ybert 


education of youth,” to date in sci 


ence.” informal luncheon, 





mixer, 27 Dec.: work-discussion groups on “Some 


problems science teachers must solve,” 28 Dec.; 
session on “Recent research in science” and _ six 
concurrent demonstration groups on “Here’s how I 
do it,” 29 Dec. 


X—Science in General 
fcademy Conference—Business meeting, panel dis- 
cussion of Academy of Sciences problems, and 
\cademy Conference Dinner, 27 Dec.; Junior Sci- 
entists’ Assembly—a special program for young 
scientists—at San Francisco State College, 29 Dec. 
lmerican Nature Study Society—Arranged by Ruth 
E. Hopson: sessions, 26, 27 Dec.; annual meeting 
and showing of kodachromes, 27 Dec.; joint ses- 
sions with NABT, 28, 29 Dec.; field trip to Muir 
Woods and Stinson Beach State Park, 30 Dec.; 
sessions. 31 Dec. 

Conferences on Scientific Editorial Problems—Ses- 
sions for invited papers and discussion, arranged by 
Marian Fineman, 29 Dec. 

Conference on Scientific Manpower, cosponsored by 
the Engineering Manpower Commission, National 
Research Council, National Science Foundation, 
and the Scientific Manpower Commission—Sessions 
for invited papers and discussion, arranged by 
Thomas J. Mills, 28, 29 Dec. 

Honor Society of Phi Kappa Phi—Special program, 
29 Dew 

Vational Association of Science Writers—Symposium, 
arranged by John Pfeiffer, 28 Dec. 

Pacific Science Board—Public Lecture by Alexander 
Spoehr, 30 Dec. 

Scientific Research Society of America—Annual con- 
vention and luncheon, annual RESA address and 
award of William Procter prize, 30 Dec. 

Society of the Sigma Xi—Annual Sigma Ni address 
by Edwin M. McMillan, 29 Dec.; annual conven- 
tion and luncheon, 30 Dec. 

United Chapters of Phi Beta Kappa—Annual address, 
by Conway Zirkle, 27 Dec. 


AAAS Travel Arrangements 


A page on AAAS Travel Arrangements has ap- 
peared at intervals in the advertising sections of 
both journals of the Association; a gratifying num- 
ber of coupons has been received and acknowl- 
edged. Group flights to Oakland or San Francisco, 
26 Dec., and return, 31 Dec.—-either by chartered 
first-class DC 6B or 7 planes (at rates approaching 
those for coach flights) or as extra sections of exist- 
ing flights are in the final stage of arrangements. 
As on all scheduled flights, individual insurance 
may be carried.) All persons east of the Rockies 
who plan to fly to the meeting and have not sent 
in a AAAS Travel Coupon are urged to do so im- 


mediate ly = 
RAYMOND L. TAYLOR 


Associate Administrative Secretary 
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A NEW HOME FOR THE AAAS 


[> 4 August the District of Columbia Boar 
Zoning Adjustment gave the AAAS per 
sion to erect a headquarters building on the Ag 
ciation’s property at 1515 Massachusetts Ave, ¥ 
in Washington. Members who have built their 
homes and those who remember Mr. Blandiy 
dream house—whose author, by the way, gaig 
additional laurels in 1953 in winning one of 
AAAS-George Westinghouse Science Wri 
Awards—will have a sympathetic feeling both 
the excitement of the occasion and for the fact 
a good many headaches lie between permission 
build and actual occupancy. 

The model pictured here was built to show { 
Board of Zoning Adjustment the size and genet 
character of the proposed building. The buili 
itself will not necessarily match the model ix 
respects, for detailed drawings have not yet | 
prepared. The size, however, is definite. There 
be three stories and a basement. 

The new headquarters will provide approxi 
} times as much office space as does the old 
dence that the Association now occupies at 
Massachusetts Avenue. Such an_ increase 
prove ample for as far ahead as we can safi 
dict our needs. As a matter of fact, for son 
there is likely to be space available for one 
affiliated societies that want to move in wit! 
ground-floor auditorium with a capacity o! 
200 is a possibility but not yet a certainty. 

The building will be modern in design anc 
struction. The movable louvers shown act 
front of the second and third floors constitu 
of its most unique features. They are desig 
shield the large giass areas from direct sunlig 
will reduce substantially the cost of air-condit 
the building. 

The Association’s appearance before th 
of Zoning Adjustment on 30 July was its se 
tempt to secure permission to erect a head 
building. An earlier effort in 1952 was den 
making a second attempt, the Association ¢! 
its plans in a number of respects. Most im 
was the reduction in size from a building ©! 
stories to one of three. The larger building. p! 
to accommodate a number of affiliated societ 
well as the AAAS, was too much for the Bi 
Zoning Adjustment to approve for construct 
a residential area. The smaller building wo! 
unanimous approval and will be adequate 10": 
AAAS but may be a disappointment to thos 
had hoped that we could bring a number 0! 
tific societies together under the same 10! 
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ke several months to complete final 
ys and to make arrangements with a building 
iractor. Work can be expected to start in the 
\ spring of 1955, and the building should be 
for occupancy approximately a year later. We 
ook forward, in 1956, to moving into our per- 
t headquarters, a building of our own de- 
and one that the Association has been talking 

ever since the site was purchased in 19-46. 
DaEL WOLFLE 

e Secre tar) 


MEETING OF THE SOUTHWESTERN 
\ND ROCKY MOUNTAIN DIVISION 
lhe 30th annual meeting of the Southwestern 
of the AAAS was held 25-29 Apr. at 
[echnological College, Lubbock. This was 
rd time that the Association had enjoyed 
Lubbock the college, the 
sions having been in 1934 1941. 
is who had the good fortune to be at all 


tv of and 


and 


ngs could not help but marvel at the 
srowth of both the city and the col- 
these 20 years. | 

ting to the success of the meeting was 
ce of the 
ts (SWAN 
than a vear ago, 
portant factor in fostering scientific 


Southwestern Association 
Although organized only 


it has already be- 


ie region. Other cooperating societies 
vas and Oklahoma academies of sci- 


ience, the Texas Archaeological Society, and the 
Panhandle Plains Section of the American Chem- 
ical Societv. 

Under the auspices of the Society of Sigma Xi, 
Henry Eyring, dean of the graduate school of th: 
University of Utah, delivered an after-dinnet 
speech on “The physical chemistry of enzymes in 
luminescent bacteria and nerves.” Eyring spoke in 
such a manner that both scientists and laymen en- 


joved and profited from his discussion. Roger J 


Williams, biochemist of the University of Texas. 
delivered the annua! John Wesley Powell lecture. 
choosing as his topic. “A new era in human under- 
standing.” 

Four symposiums dealt with “Instrumentation,” 
“Ground water of the south plains of Texas.” 
‘Natural history of the Lubbock area,” and “Geol 
ogy and oil technology.” An idea of the wealth of 
cleaned by noting such 
“Appli- 
cation of transducers in the measurement of phys- 
“Tht 
use of fish embrvos in biological assay tests.” “‘Dif- 
call 
“The interpretation of seismic data 
‘The inter- 
nal plastic coating of pipelines in place,” “The 
use of emulsions to stimulate petroleum produc- 
“Radiotracet 


well sery iC eo” 


material discussed can be 


titles as “Radiological instrumentation,” 


ical quantities,” “Underground water flow,” 


ferentiation in among southwestern anuran 


amphibians,” 
obtained in geophysical prospecting,” 


tion.” and survey as a gas and oil 


Eight social science papers included such titles 
as “Some repeated pictograph forms in the Big 


Jend of Texas.” “Acculturation of the Navajo In- 





dians.” and “Human sterilization laws and psychi- 
atric thinking.” Among the 23 papers on botanical 
subjects, there were such titles as “Successful rela- 
tions of plant communities of the Elk Mountain 
Range,” ““The effect of certain soil correctives on 
nutrition of seedlings,’ “Evolution of college bot- 
any teaching,” “Ladies botany,” “The absorption 
of 2, 4-D through the root systems of 60 woody 
plants,” and “A study of some factors affecting the 
quality of cottage cheese.” 

There were 11 papers in the field of zoology, 
and among them were included “Birds of the 
south plains,” “The nasal mites of finches,” “Pre- 
dicting the variation of fixatives for cells at various 
altitudes,” “The effect of certain chemicals on the 
eggs and larvae of the dog hookworm,” and “In- 
hibition of antidiuretic activity of blood serum with 
adrenal medullary hormones.” Among the 31 phys- 
ical science papers, there were such titles as ‘Par- 
allax in mathematics,” “Influence of planetary 
alignment cycles on climatic variation,” “Ton ex- 
change in clays,” “A spectrographic study of the 
venoms of some poisonous desert animals,” “The 
effects of ionizing radiations on the chemical com- 
position and carcinogenicity of organic and_bio- 
chemical compounds,” “A polarographic study of 
the zirconium—alizarin lake,” “The motion of a 
conducting sphere in a uniform magnetic field,” 
“Elastic scattering of fast neutrons,” and ‘The 
Huorescence of alpha naphthylphenyl oxazole in 
various solvents.” 

Ever since the Southwestern Division was or- 
ganized in 1920, a great deal of its interest has 
heen centered on problems peculiar to arid lands. 
In the beginning, this took the form of archeo- 
logical studies of the prehistoric peoples who once 
lived in the region. The very dry climate had been 
favorable to the preservation of many ruins, which, 
in more humid regions, would have disintegrated 
more easily and have been covered with vegeta- 
tion. Since many timbers in these centuries-old 
huildings were still intact, the idea of studying the 


tree rings of the logs in the ruins was concejy 
As a result of these studies, it was found th» 
perfect correlation existed in the patterns , 
tree rings so that the old buildings could be ¢» 
with a high degree of accuracy. 

Since the thickness of tree-ring bands has 
found to be directly related to rainfall, an¢ 
some extent to sunspots, a weather pattern , 
weather cycles could be studied in the hope of « 
day being able to make long-range weather ; 
dictions. Desert plants have been studied with; 
spect to their chemical make-up and _ pos 
commercial use, and desert animals, such as 9 
monsters and rattlesnakes, have been studied 
regard to the use of venoms and antivenom: 

Several years ago the Division set up a spe 
committee on desert and arid zone resex 
Through its efforts, the UNESCO committ 
arid lands has agreed to work with the Soy 
western Division on the organization of an 
national symposium to be held jointly wit! 
24-28 Apr. 1955 meeting of the Division in Sx 
Fe and Albuquerque, N.M. It is also possible ¢ 
the regular sessions will be followed by a works! 
session for a week to 10 days at Socorro undert 
auspices of the New Mexico Institute of Mu 
and Technology. These sessions would be cd 
primarily to weather and rain making. 

Some 300 persons registered for the 1954 
ing, many coming from states well beyon 
limits of the Division. Because Wyoming an 
of Montana had recently joined the Divisi 
was voted to recommend to the national 
that the name be changed to Southwest 
Rocky Mountain Division. Joe Dennis of 
Technological College and E. F. Castetter 0! ' 
University of New Mexico were elected pres 
and vice president, respectively. Frank E. E 
mann of the University of Colorado was cont 
as secretary-treasurer. 

FRANK E., E. G 
University of Colorado, Boulder 


Grandeur consists in form, and not in size; and to the eye of the philosopher, the curv: 


drawn on a paper two inches long is just as magnificent, Just as symboli 


of divine 


mysteries and melodies, as when embodied in the span of some cathedral roof 


CHARLES KINGSLEY. 
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-e Meetings % 


October 


19. American Soc. of Safety Engineers, Chicago. (J. B. 
Johnson, 425 N. Michigan Ave., Chicago 11. 

}]-22. National Noise Abatement Symposium, 5th an- 
nual, Chicago, Il. (S. M. Potter, Illinois Inst. of Tech- 
nology, Chicago 16. 

23. International Assoc. 
Atlantic City, N. i. (Hi. ds. 
Box 437, Shelbyville, Ind. 

21-23. International Symposium on the Dynamics of 
Virus Infections, Detroit, Mich. (Henry Ford Hospi- 
tal, 2799 W. Grand Blvd., Detroit 2.) 

24. American Dietetic Assoc., annual, Philadelphia. 
E. A. Atkinson, 620 N. Michigan Ave., Chicago 11.) 

2-26. Symposium on Wind and Solar Energy, New 
Delhi, India. (UNESCO, 19 Ave. Kléber, Paris 16.) 

24-27. Soc. of American Foresters, Milwaukee. (H. Clep- 
per, 425 Mills Bldg., Washington 6, D. C.) 

25-27. Assoc. of American Medical Colleges, Bedford 
Springs, Pa. (AAMC, 5 S. Wabash Ave., Chicago 3. 
25-30. International Cong. of Odontology, Ist, Sao Paulo, 
Brazil. (F. Degni, Rua Marconi 131, Sao Paulo.) 

6. Assoc. of Consulting Chemists and Chemical Engi- 
neers, annual, New York City. (A. B. Bowers, 50 E. 
$1 St., New York 17.) 

27-29. International Symposium on the Hypophyseal 

Hormone. Its Nature and Actions, Detroit, 
Mich. (R. W. Smith, Henry Ford Hospital, Detroit 2.) 
28-30. American Soc. for Aesthetics, Bloomington, Ind. 
R. R. Patrick, Cleveland Museum of Art, Cleveland 

6, Ohio. 

28-30. International Symposium on Temperature, Wash- 
ington, D. C. (W. Waterfall, 57 E. 55 St., New York 


9 


of Milk and Food Sanitarians, 
Thommasson, IAMFS, 


Growth 


} 


j]-]. American Soc. 
annual, Chicago. (A. C. 
Cleveland 6, Ohio 


for the Study of Arteriosclerosis, 
Corcoran, Cleveland Clinic, 


November 


j 


! 3. Entomological Societies of Canada and Ontario, an- 
nual, Sault Ste. Marie, Canada. (R. H. Wigmore, Sci- 
Service Bldg., Ottawa. 

Geological Soc. of America, annual, Los Angeles, 
Calif. (H. R. Aldrich, 419 W. 117 St., New York 27. 

Paleontological Soc., Calif. 
K. E. Caster, Dept. of Geology, Univ. of Cincinnati, 
Cincinnati 21, O 

National Metal Cong., Chicago, II CH OR 
7301 Euclid Ave., Cleveland, O. 

\merican Crystallographic Assoc., and 12th annual 
Pittsburgh Diffraction Cong., Pittsburgh, Pa. (P. K 
Koh, Allegheny Ludlum Research Laboratories, Ala- 
bama Ave., Brackenridge, Pa. ) 

». Soc. of Rheology, Washington, D.C. (W. R. Wil- 

lets. Titanium Pigment Corp., 99 Hudson St., New 
York 13 

6. American Soc. of Parasitologists, Memphis, Tenn. 
\. C. Walton, Dept. of Biology, Knox College, Gales- 
berg. Ill 

6. American Soc. of Tropical Medicine and Hygiene, 
Memphis, Tenn. (J. E. Larsh, Jr., School of Public 
Health, Univ. of North Carolina, Chapel Hill. 


ence 
Angeles, 


annual, Los 


Wells, 


4-5. Hawaiian Acad. of Science, Honolulu, Hawaii 


C. Cox, Experiment Station, HSPA, Honolulu 14 
6. American Acad. of Tropical Medicine, Mem 
Tenn. (E. H. Hinman, Univ. of Puerto Rico Sch 
of Medicine, San Juan 22. 

Committee for the Scientific Study of Religion, § 
Cambridge, Mass. (R. V. McCann, 48 Mt. Auby 
St., Cambridge. 

American College of Dentists, Miami, Fla. (0, 
Brandhorst, 4221 Lindell Blvd., St. Louis, Mo, 
12. International Cong. of Military Medicine and P 
macy, Luxemburg, Luxembourg. (A. R. Vernegg 
Pozos 2045, Buenos Aires, Argentina. 

11. American Dental Assoc., annual, Miami, Fla, 
Hillenbrand, 222 E. Superior St., Chicago 11, JJ 
11. American Petroleum Inst., 34th annual, Chic 
Ill. (API, 50 W. 50 St.. New York 20. 

11. Southern Soc. 
Louis, Mo. (J. E. 
Fla. ) 

12. American Soc. of Agronomy, annual, St. Pa 
Minn. (L. G. Monthey, 2702 Monroe St., Madison 
Wis. ) 

12. Soil Conservation Soc. of America, St. Paul, Mig 
(H. W. Pritchard, 1016 Paramount Bldg., Des Moin 
Iowa. ) 

10-11. Conf. on Electrical Techniques in Medicine a 
Biology, Chicago, Ill. (E. D. Trout, 4855 Elec 
Ave., Milwaukee, Wis. 

11—12. Corrosion Cong., Frankfurt, 
HEMA) Frankfurt a.M., W. 13.) 

12-13. Inter-Society Cytology Council, Boston, } 
(P. F. Fletcher, 634 N. Grand Blvd., St. Louis 3, 

12-Dec. 11. United Nations Educational, Scientil 
and Cultural Organization, Montevideo, Uru 
(UNESCO, 19 Ave. Kléber, Paris 16.) 

15-17. National Conf. on Standards, 5th, New York Gi 
(D. E. Denton, 70 E. 45 St.. New York 17). 
17-19. American Meteorological Soc., Miami Beach, 

(K. C. Spengler, 3 Joy St.. Boston 8, Mass.) 

18-20. Acoustical Soc. of America, semiannual, Aust 
Tex. (W. Waterfall. 57 E. 55 St., New York 22. 

19-30. International Cong. of Civil Engineers, 2 
Caracas, Venezuela. (L. B. Diaz, Av. Principal de 
Caobos, Apartado 2006, Caracas.) 

26-27. American Physical Soc., Chicago, Ill. (K 
Darrow, Columbia Univ., New York 27. 

26-27. American Soc. of Animal Production, Chic 
Ili. (W. M. Beeson, Dept. of Animal Husband 
due Univ., Lafayette, Ind. 

26-27. Tennessee Acad. of Science, Nashville 

I. H. Tipton. Dept., Univ. oi Tennes 
Knoxville. 

28-1. American Soc. of Refrigerating Engineers Ph 
delphia, Pa. (J. I. Szabo, 49 W. 40 St., New York 4 

28-3. American Soc. of Mechanical Engineers, 4M 
New York City. (O. B. Schier, IT, 29 W. 39 St. M 
York 18. 

29-1. Assoc. of Military Surgeons, Washington, D 

R. R. Sayers, Armed Forces Inst. of Pathology, ¥ 
ington 25. ; 

29-2. American Medical Assoc., clinical, Miami, Fla 
F. Lull, 535 Dearborn St., Chicago 10, II 


of Cancer Cytology, annual, § 


Ayre, 1155 N. W. 14 St., Mia 


Germany. (D 
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